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SYNOPSIS 


Pluorene-9-carboxylic acid derivatives, called MARPHACTINS | 

have long been known as potential plant growth retardants and herbici— I 

des. Their effect on Geotropism and Phototropism has been a novel 
phenomenon. Fluorene derivatives bind to DNA resulting in mutagenity " 
and modification of its protein recognition. A correlation between 

I 

their carcinogenicity and dissociation constants has also been attempted. 

I 

Inspite of their important molecular behaviour, these compounds have ! 

not been explored at molecular level except in a few cases. It is 
the aim of the present work to present better insight into the 
physical and chemical properties of a series of substituted fluorenes 

i 

and a few structurally related diamines. These molecules have been 

. j 

investigated from different angles such as substituent effect, excited j 
state molecular geometry, solvent effect, effect of acid concentration 
and proton-induced fluorescence quenching. The thesis entitled 
• • SOIA7ATOCHROMISM AND PROTOTROPISM OF SUBSTITUTED FLUORENES; 2,7- 
DIAMINOFLUORENE AND RELATED DIAMINES: ABSORPTION AND FLUORESENGE 
PERSPECTIVES ‘ • embodies the detailed discussion resulting in the 
above investigations. [ 

The thesis contains four chapters. Chapter I gives a brief ! 

introduction with a critical overview of some of the ground and | 

excited state phenomena. This chapter also outlines the status-quo 
report on substituted fluorenes as well as the underlying interest 
in carrying out the present study, ^ ■ 
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Chapter II describes briefly the Instrumentation and the 
preparation of model compounds. It also presents the methodologies 
for data analysis in both absorption and fluorescence spectral 
measurements o 

In chapter III# the effects of solvent and acid concentration 

on the absorption and fluorescence spectra of fluorene derivatives 

are illustrated in detail. The substituents chosen are — CH_ , — CH„OH 
0 

and -C^ (R = H, CH , Ph# OH# OCH. , NH„) which are appended in 
R 

different positions of fluorene ring. The following are the important 
results obtained. 

(i) Fluorene and methyl substituted fluorenes undergo proton- 
induced fluorescence quenching. The excited state equilibrium between 
the monocation and neutral species of these molecules is not establi- 
shed because of the slow rate of ring protonation. 

(ii) The apparent lack of fluorescence of 2— fluorenaldehyde# 

2— acetyl fluorene and 2— benzoylf luorene in all the solvents except 

water, constitute the best argument for an state of rai type. 

^ 0 

(iii) The substituents — (R = OH, OCH_, NH^) at 1-^ and 4- 

R ^ ^ 

positions are coplanar with the fluorene ring in both and states# 
so that H-electronic interaction between them is nearly maximal. As 
a consequence, the long wavelength absorption band is composed of long 
and short axes polarised transitions. The same sxibstituents at 
2-position are non-planar in both and states in non-polar 
solvents# but on excitation become nearly planar in polar and 
hydroxyl ic solvents. 
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(iv) 9-Substituted fluorenes display spectral phenomenology 
which is remarkably different from that of other sxibstituted fluorenes. 
In this case, the Ti— electronic interaction between the substituent, 
attached to an sp^ hybridized carbon and the ring is negligibly small 
so long 9-methylene group is not deprotonated . 

(v) Unlike other molecules, the Hammett’s acidity function 
(H^) fails to describe the prototropic behaviour of f luorenamides 
and 2-carbonyl substituted fluorenes. Amide acidity function (H^^) 

has been used for the protonation of amides and Benzophenone Hammett's 

scale for the latter compounds. H^ and H^ acidity functions have been 

related with the difference in the hydration requirement of the 

prototropic reaction of amides and the indicators used to establish 

H function, 
o 

(vi) The site of protonation on — CONH 2 group (whether 0— proto- 
nation or N— protonation) is controversial, however we speculate it 

to be at the carbonyl oxygen. The two processes involved in the 
protonation of amides and 2-carbonyl substituted fluorenes corres- 
pond to 0-protonation and medium effect on the protonated molecule. 

(vii) The trend observed in the dissociation constants is in 
general agreement with that appear in the literature i.e. — C 

R 

become more basic upon excitation. 

Chapter IV presents the similar study as described above, on 
2,7-diaminofluorene . Studies on three isomeric phenylenediamines, 

2, 3-<3iaminonaphthalene and 9, 10-diaminophenanthrene are also presented 
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to corroborate the above results . The common features observed for 
all the diamines are: 

(i) In state, all the diamines behave as proton donors in 
aprotic polar solvents and proton acceptors in hydroxylic solvents 

but act as proton donors in all the solvents upon excitation. ; 

Diamines become more acidic in S, state. ; 

J» ■ I 

(ii) Pluorimetric titrations for monocation— neutral equilibrixim ’ 
give the ground state pK values. Proton— induced fluorescence quench- 
ing is observed for the monocations prior to the formation of dications. 

The differing features are: 

(i) The red shift observed in the fluorescence of monocation 

j 

as compared to that of neutral species of 2,7— diaminof luorene is due i 

to a greater solvent relaxation of the former species. But in the ' 

case of 2, 3— diaminonaphthalene (DAN), it could be due to more | 

f 

[! 

coplanarity of the amino group of monocation as compared to those of 

i 

r 

the neutral species in which both of the amino groups are twisted j 

with respect to the naphthalene ring. Lifetime measurements infer [ 

that the rate of protonation of DAN ( co lo — lO' M "^s ■^) is slow 

8 1 ■ ■ I 

compared to that of fluorescence (2 x 10 s ) such that prototropic I 

equilibrium is not established in state. The pH independent 

lifetime of the monocation of DAN demonstrates that static mechanism 
is operative for proton 'induced fluorescence cpienching. 

(ii) The results obtained for o— and p- phenylenediamines are 
rationalized interms of non-planarity of the amino groups „ 
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(iii) Dual fluorescence is observed for 9, 10-diaminophenan- 

threne. The abnormally large Stokes shifted fluorescence is from a 
1 

more polar L state and the normal fluorescence is from a relatively 
1 

less polar state. 

The conclusions drawn and the possible extension of the work 
are given at the end of the thesis. 
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CHAPTER- I 


INTRODUCTION 

The absorption of light by a molecule leaves it in one of a 

number of possible vibrational levels of one of its electronically 

excited states, called Franck-Condon excited (FCE) state. The fate 

of the molecule in the FCE state, in otherwords, the number of ways 

by which it loses its energy and returns to the ground state can 

nicely be illustrated by Jablonski diagram (Pig. 1.1). A complete 

discussion of the various processes involved in the excited state 

2 

deactivation has been documented by Gouterman and Seybold, and Lower 
and El Sayed.^ 

A molecule in its electronically excited state has different 
electronic charge distribution at the various atomic centres in 
comparison to that of the ground state, consequently its physical and 
chemical properties differ from those in the ground state. For example, 
geometry of the molecule, dipole moment, acid— base properties to name 


a few 




Fig, 1,1 Jablonskii 
molecules upon photoi 


Fluorescence 


showing fates of polyatomic 


.tion. 
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In tne following sections, a brief description of the effects 
of substituents and geometry of the substituents with respect to the 
parent molecule on the absorption and fluorescence spectra will be 
given, A survey of Solvatochromism, Prototropism and Proton— induced 
fluorescence quenching followed by a description of application and 
scope of the present work will be discussed. 


1 .1 SUBSTITUENT EFFECT 

Functional groups can exert definite and predictable effect on 

the electronic transitions of the parent molecule provided we know 

its geometry with respect to the parent moiety. A comprehensive 

account of the influence of molecular structure on the electronic 

4 5 

spectra have been nicely discussed by Jaffe and Orchin, Suzuki, and 
Nurrill.® 

For aromatic molecules, in general, three 71 TT transitions 
are prominent. The weak, long wavelength absorption band is classi- 
fied as a-band, the stronger middle band is para band and the third 
short wavelength band which is strongest of all is J3— band. According 
to the Platt's notation"^, a-band is long axis polarised, para band is 
short axis polarised and the jS-band is either a mixture of both long 
and short axes polarised transitions or one of them. These transitions 
are denoted as ^A ^A and ^A (^A ^B^) respecti- 

vely. If the molecule is substituted with a basic group, these transi- 
tions are red shifted. Further, in the condensed aromatic systems, 
the substituents present on the longer axis of the molecule affect 
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.long axis polarised transitions and those at shorter axis affect 
or.ort axis polarised transitions. It has generally been observed 
tliut the para bands are more polar and prone to the presence of substi- 
tuents. So it is immediately clear that substitution studies are o-f"" ’ 
much useful in qualitatively predicting the nature of a transition. 

According to Kasha's rule, fluorescence is generally observed 
if nn is the lowest energy transition and phosphorescence if xm is 
tne lowest energy transition. Fluorescence quantum yield depends on 
the rate of f Itiorescence deactivation in comparison to the rate of 
radiationless processes. Less the rotational and vibrational freedom 
the molecule has in its parti, greater the probability the molecule 

deactivates by fluorescence. Appended groups usually diminish the 

8 

quantum yield by behaving like, as Lewis and Calvin said, ''loose 
bolts in some moving part of a machine'*. At low temperature, the 
restricted rotational and vibrational motions of the substituents 
reduce the degree of internal conversion and thus Increase the 
fluorescence quantum yield. 

Alkyl substitution has little effect on the fluorescence spectra 

of the parent molecule whereas, strongly interacting groups e.g. -NH2/ 

-COOH etc., impart substantial changes. Halogen substitution decreases 

9 

the fluorescence quantum yield by heavy atom effect. Wehxy pointed 
cut that ''though there is a considerable evidence of the operation 
of heavy atom effect in some systems, the effect can not be considered 
a panacea*'. In bifunctional molecules possessing both electron donat- 
ing and electron withdrawing groups, the geometry and steric factors 
play a major role in determining the resultant resonance and inductive 
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'■'trects on the absorption and fluorescence spectra. For example, if 
H— e 1 ectronic cloud or the lone pair cloud of the substituent is not 
'.'or'lanar with tne Xl cloud of the parent moiety, the spectral features 
are not altered very much. Although these predictions are generally 
valid, often the strong interaction between the solute and solvent 
prev6-nts the separation of the structural effect from the environmental 
effect on the spectral behaviour. 

1 .2 EXCITED STATE MOLECULAR GEOMETRY 

Geometry of the substituted molecules in the ground and excited 

states assume great significance in the understanding of photophysical 

and photochemical profiles. The information about the ground state 

geometry can be obtained by diffraction, dipole moment and spectroscopic 
10 

techniques . Absorption spectral data such as position, shape and 

intensity of the band also reasonably infer the topology of the 

4 6 11“15 

chromophores in state. ' ' Although theoretical work has 

provided some information ^out the equilibrium conformation, as such 
there is no experimental technique which directly predicts the excited 
state molecular geometry. Nevertheless, differences in absorption 
and fluorescence spectral parameters have been correlated to the 
differences in the and geometries. Anomalous Stokes shifts 
observed for the substituted molecules have been attributed to the 
geometry change upon excitation Werner's extensive work is 

the important contribution toward the understanding of the relative 

' 24 

geometries and solvent cages of and states. Gustav et al. 
have carried out theoretical studies on S^ and state geometries 
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and compared their results with the experimental parameter# Stokes 
loss (vide infra) . 

25 

Berlman pointed out that spectroscopic data can be used as a 

'straight edge’ to provide qualitative evidence concerning the planarity < 

of the molecules. On the basis of this# he classified the chromophores;' 

into five different groups. Recently# realising the importance of 

conformational changes along the torsional coordinates in photophysics 

and photochemistry new experimental techniques have been developed. : 

Laser induced fluorescence spectroscopy of jet cooled molecules sheds 

26 

more light on their excited state geometry. A new class of compounds 
called Twisted Intramolecular Charge Transfer (TICT) compounds display 
dual fluorescence originating from both normal and TICT states. The 
main feature of these molecules is# a twisting of the functional groups 

i 

is induced and assisted by the polarity of the solvents. These compou- 


nds are presently being explored in view of their important role in 

the development of new laser sources and in the primary processes of 

27 

vision and photosynthesis. 

i .3 SOLVATOCHROMISM 

Theoretical treatments of spectral transitions provide infor- 
mation only about an isolated molecule. Experimentally these predi- 
ctions regarding spectral transitions can be approximated by carrying 
out the studies in low pressure gas phase or to a fair approximation 
in very dilute solution in hydrocarbon solvents. Since our studies 
are carried out in solution# it is necessary to look at different 
possible interactions# the solute and solvent may have in solution. 


7 


The molecule in the Franck— Condon excited (FCE) state relaxes 

-12 

vibrationally within the time frame of 10 sec. In this state/ the 
molecule is surrounded by ground state solvent cage. As a result of 
the change in charge distribution and thus the dipole moment upon 
excitation, the solvent cage reorganizes accordingly in the new 
environment. This process, called solvent relaxation, (which involves 
bond breaking and bond formation) is contemporaneous to vibrational 
relaxation. The combined effect of vibrational, solvent and geometry 
relaxations is termed as thermal relaxation. The emission originates 
from thermally relaxed excited state (TRE) and terminates in one of 
the manifold of vibrational states of the ground electronic state 
(FCG state). Because of the rapidity (10 sec) of the electronic 
transition, the molecule in FCG state is still in the excited state 
equilibrium solvent cage. Rapid solvent relaxation followed by vibra- 
tional relaxation then occurs and the solute molecule eventually returns 
to the thermally equilibrated ground state (as represented in Fig. 1.2). 
Since the thermally relaxed excited state is lower in energy than FCE 
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Fig. 1.2 Schematic representation of equilibrium and 
Franck-Condon (P-C) electronic states. 
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state/ and the FCG is higher in energy than the thermally relaxed 
ground stats, fluorescence occurs at longer wavelength than absorption. 
The loss in energy between the absorption and emission of light is 
known as Stokes shift and is defined as (max)— v^^^Cmax) ] . 

Electronic spectral shifts in different solvents result from 
dispersive as well as specific interactions of the solvent with the 
solute. The dispersive interaction, often called general solvent 
effect includes induced dipole-induced dipole, dipole— induced dipole, 
dipole— dipole interactions. If the dipole moment of the molecule 
increases upon excitation (in the case of 71 -*■ n transition), general 
solvent effect causes red shift in the electronic spectrum on increas- 
ing the polarity of the solvents, whereas a blue shift is noticed when 
the dipole ’moment of the molecule decreases (in the case of n ->■ tran- 
sition) . 

Specific effects can be due to hydrogen bonding, complexation 
with solvent molecules, acid— base chemistry or charge transfer intera- 
ction to name a few. These effects on molecular spectra are often 
viewed as selective spectroscopic analysis because these impart subs- 
tantial changes in the electronic spectra. Hydrogen bonding intera- 
ctions can either be of hydrogen-bond donor or hydrogen-bond acceptor 
type. In hydrogen— bond donor interaction, there is an electrostatic 
interaction of a positively polarised hydrogen atom of the solvent 
with the lone pair electrons of a basic atom in the solute and this 
results in lowering of energy. If in an electronic excitation process, 
there is a charge migration towards this basic centre, hydrogen bond 
donor interaction will stabilise the electronic state and this results 
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in red shift in the spectrum with increasing hydrogen bond donor capa- 
city of the solvents. Conversely, if during excitation the electron 
density migrates away from the basic centre, a blue shift is expected. 

Hydrogen bond acceptor interaction is also an electrostatic 
interaction but between the lone pair electrons of the solvent and 
the positively polarised hydrogen atom of the solute molecule. If 
the charge density migrates away from this basic centre, progressive 
red shift is noticed with an increase in the proton acceptor nature 
of the solvents. On the other hand, a blue shift is observed if the 
charge density migrates into the basic centre. Normally the trends 
observed in shifts of absorption and fluorescence band maxima with 
solvent polarity are the same as long as the electronic states invol- 
ved and the sites of interaction between the solute and solvent are 
the same . 

When a solute is placed in a solvent, one observes the combined 
effects of general and specific interactions. The separation of these 
is often difficult, however, by ingenious and judicious selection of 
solvents one can qualitatively achieve it to get the information 
concerning the nature of the transition, dipole moment and distribution 
of charge density upon excitation. 

First thorough and systematic investigations regarding the i 

28 ' ^ 

effect of solvents on the spectra were carried out by Burawoy, and | 

29 30 31 

Byliss and McRae. Kasha and McConnel formulated certain rules 
to identify rcrr* and transitions, i.e. bathochromic shift for ; 

and hypsochromic shift for nn’^ transitions are observed if one goes I 
from hydrocarbon to hydroxylic solvents. The extent of this blue i 
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shift observed in the nji transitions has been correlated with hydrogen] 

2S 32 33 

bond strength. ' ‘ A very consolidated and comprehensive account 

of electronic absorption spectroscopy is given in books written by 
Jaffe and Orchin, Suzuki, Murr/ll, and Mataga and Kubota. 

34 • 36 

The works of Pringsheim and Forster are the first systematicj 

study on the environmental effects on fluorescence spectra. In 1963, 

3 S 

Van Duuren'^ reviewed the subject giving a detailed account of the 
solvent effect on the fluorescence spectra of various types of aromaticj 
molecules. Pimental, and Mataga et al- * have emphasized the 
significance of hydrogen bonding interactions. Weller article 
outlines a method to calculate the rate constant for the hydrogen 
bond formation from the decrease of fluorescence intensity by hydrogen 
bonding. Recent investigations by various groups have establi- 

shed that the main cause of decrease of the fluorescence quantiam yield 
on hydrogen bonding is the enhancement of the rate of internal conver- 
sion within the singlet manifold, and various mechanisms have been 
proposed for this process. 


A number of theoretical equations have been formulated to relat^ 

As recent as 
56 


49_55 

the spectral shifts with polarity of the solvents. 


in 1987, Sutin et al, 


have derived accurate expressions, and these 


51 


equations can be reduced to equations previously derived by Ooshika' 

53 54 55 

McRae , Mataga and others when same approximations were applied. 
Since the general solute-solvent interaction is predominantly of 
electrostatic in nature, and charge redistribution occurs upon excitat-| 
ion, the possibility of relating Stokes shift with the dipolemoment 
was probed. Infact, equations which relate the solvent polarity para- 
meter and the Stokes shift with the change in dipole:moment of the 
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molecules have been derived by many workers? In none of these 

b9 

treatments specific interactions could be accounted for. Kamlet 
claims that every property involving a solvent and solute is correla- 
ted in his equation, Taft and Co— v/orkers^*^' have developed a methodo 
logy to separate the relative contributions of the general and specific 
interactions . 

Specific interactions such as complex formation impart substan- 
tial changes in the electronic spectra. The fluorescence quenching by 

solvents like CCl^ and CHCl^ has been explained in terms of an exciplex 
62 6 3 

fotmation. ‘ Similarly an i:i complex formation between alcohols 

and 7— azaindole^"^ 1— azacarbazole^^ has been reported to be responsible 
for the dual emission. 

There have been several studies to rationalize intramolecular 

6 6 6T 68 

phototautomerism; ' nature of the hydrogen bonding and chemical 

structure^^'”^*^ in the S and S, states on the basis of solvent effects 

o 1 

on the absorption and fluorescence spectra. 

With the advent of picosecond spectroscopy it has become possibl 

71 

to monitor the dynamics of the solvent relaxation. Anthon and Clark 

have carried out a picosecond experiment on the excited state solvation 

dynamics of 9^ 9 bianthryl in alcoholic solutions. A time dependent 

solute— solvent interaction has been investigated to draw potential 

73 74 

information about the physical properties of macromolecules. ' 

Lakowicz has given a nice description of time dependent solvent 

75 

relaxation in his book on fluorescence spectroscopy. 
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1 -4 PROTOTROPIC REACTIONS 

The acidity or basicity of a molecule is directly related to 
its electronic structure. Since the electronic transitions# in gene- 
ral, are accompanied by reorganization of the electronic charge density 
at various atomic centres of the molecule, the acidity and basicity of 
such molecules vary significantly from one electronic state to another. 
It is generally observed that aromatic amines and phenols become 
stronger acids whereas aromatic carboxylic acids, carbonyls and hetero— 

cyclics containing tertiary nitrogen atom become more basic upon 
7 6 

excitation . 

The basis for the measurement of acidity constants is, use of 
a technique which quantitatively discriminates acidic and basic forms 
of the molecule. Electronic absorption spectroscopy is one such techni- 
que which provides an accurate estimation of ground state pK values. 

9l 

Similarly, fluorescence spectroscopy is an excellent technique for the 
determination of excited state acidity constants. This is widely used 
because of its favourable time scale within which most of the proto- 
tropic reactions are complete. The different methodologies to calculate 

pK and pK values are outlined in Section 2.2.2. 

3 . 3 

77 

For the first time, in 1931, Weber noticed that the shift of 
an acid-base equilibrium occurred at a different pH, depending on 

whether the shift was observed by absorption and fluorescence spectro- 

78 '79 

scopy. This observation was correctly interpreted by Forster ' as 

a change in the excited state A. detailed study arid considerable 

80 

amount of data were then accumulated by Weller. Since this pioneer- 
ing work, the subject of acid-base chemistry in the excited state was 
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explored in many laboratories. An excellent review by Ireland 

89 

and Wyatt contains extensive references of experimental results 
available in the literature till 1974. Schulman"^^ ' has also 

reviewed the subject giving due importance to the pl< values of 

compounds of analytical and biological interests. 

The proton transfer reactions of the molecules containing bi- 
functional groups (i.e. electron— donating and electron— withdrawing) in 
state are generally the same as observed in state. But there are 
certain cases where the decrease in the charge density at the electron 
donating group and increase in the charge density at the electron attra- 
cting group are so large, that the order of prototropic reactions are 
reversed upon excitation. Under such situation a proton is transferred 
from one group to another without changing the number of protons. This 
phenomenon is called phototautomerism. If the proton migration takes 
place across an intramolecular hydrogen bond between the functional 
groups, it is called monoprotonic phototautomerism, and it does not 
depend on the environments. On the other hand, if it takes place 
between groups which are widely separated, then it depends on the 
environment and is termed as biprotonic phototautomerism. 

The observation of dual fluorescence for bifunctional molecules 

has been attributed to a rapid intramolecular proton transfer, thus 

go— 9 3 

leading to different isomers . Double proton transfer has been 

99—101 102 

found to occur in dimers like those of 7-azaindole, 2H-inda20le 

and 1— azacarbazole. The rol-p of solvent molecules in the proton 

transfer has been recognised recently. Cluster of 1-naphthol and 
ammonia generated through a supersonic jet suggested that four aitunonia 
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molecules are needed to form an ammonium ion. An elegant experi— 

105 

ment by Robinson et al. using picosecond technique proved that 
excited state proton transfer of 2— naphthol is effected by water (4+1 
molecules) cluster. 


In recent years, considerable effort has been made to study the 

1 1 0*7 

proton transfer reactions in micellar dispersions, ' and in model 

Theoretical treatment of proton transfer has 


biological systems^"^® 


1 QQ— ,1 1 1 

also been attempted by several authors'. 


1 .5 PROTON-INDUCED FLUORESCENCE QUENCHING 

Studies of fluorescence quenching have received much impetus 
because of their wide range of application in analytical and bio- 
chemistry. A variety of processes result in fluorescence quenching 
and these include excited state reactions, energy transfer, complex 
formation, and collisional quenching. 

Two distinct mechanisms of quenching have been recognised. In 
the first (termed static mechanism) , association occurs between the 
ground state fluorophore and quencher resulting in the formation of a 
non— fluorescent or weak fluorescent complex. In the second case 
(termed dynamic mechanism) , excited fluorophores undergo collision 
with quencher during the excited lifetime of the molecule resulting 
in the non radiational process. These mechanisms can be distinguished 
in the following manner; (i) If the lifetime of the fluorophore is 
independent of quencher concentration, static mechanism is operative. 
For dynamic one, lifetimes are dependent on quencher concentration. 

(ii) When the quenching mechanism is static, the Stern— Volmer quench- 
ing constant will be equal to the association constant. The first 
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point is the reliable observation to confirm a particular quenching 
mechanism. The criterion to distinguish the mechanism as well as 
the mathematical relations describing the fluorescence quenching have 
been reviewed by many workersl^^""^^^ 

Proton— induced fluorescence quenching was first noticed by 
117 

Weller as a cause for the lack of correspondence between the 

fluorimetric titration curves of the conjugate acid— base pair of 

2— naphthylamine involved in the prototropic equilibrium. Since then 

large number of molecules have been reported to undergo these 
2.jL8““123 X2T 

quenching. Many theories ' have been proposed to explain 

the mechanism of quenching and the well acclaimed one is that proposed 

128 

by Shizuka et al. In their carefully executed experiments it was 

demonstrated that the quenching mechanism invoJ.ves protonation at one 
of the carbon atoms of the aromatic ring. These conclusions are 
arrived on the basis of following observations: (i) there is relati- 
vely little correlation between the rate constant for proton-induced 
fluorescence quenching ionisation potential of the fluoro— 

phore (I ) . This shows that quenching mechanism by proton is differ— 
P 

ent from that by inorganic anions where it is an electron transfer 

(or charge transfer) process. (ii) The quenching process leads to 

proton (or isotope) exchange and the value of, k is almost equal to 

the rate constant for an electrophilic protonation. (iii) Fluoro- 

phores having an intramolecular charge transfer (CT) structure in 

the fluorescent state are quenched appreciably by protons than those 

having no CT character. (iv) The quenching rate of substituted 2- 

2 

raethoxynaphthalenes is about a factor of 10 slower than that of 
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1-methoxy isomer. It is possible to explain only on the basis of ring 

protonation, because MO calculations of excited states reveal that the 

increase in the electron density in the ring is greater for the 1— iso— 

129 

mer than 2— isomer. (v) Proton— induced fluorescence quenching rate 

constant for aromatic hydrocarbon is less than that for aromatic hydro- 
carbon containing basic substituents. 

Proton— induced fluorescence quenching generally occurs prior 
to the protonation of the fluorophore, except in few cases?®^' 

This has been attributed to the short lifetime of the conjugate acid- 
base pair involved in the equilibrium. 

Photochemical reactions result from excited state protonations 
are generally monitored by the quenching of the substrate fluores— 

1 o 1 •—'I o o 1 OQ 

cence. Recently Pincock and Co— workers'^ have proposed an 

acidity constant to be included in the Stern— Volmer treatments. 

r "I" 1 h V 

They .have defined LH j as the kinetic protonating ability of the 
medium and explained a method to detejmiine these values. However, 
the generalization is limited until its validity is tested. 


1.6 APPLICATIONS 

Because of its sensitivity and specificity fluorescence spectro- 
scopy is widely used as an analytical tool for the qualitative and 

134 

quantitative analysis. Solvent study and excited state prototrop- 

ism of organic molecules have received wide attention of photochemists, 

because of their increasing importance in the interpretation of mecha— 

135 

nism and yield of photochemical reactions. For example, the product 

135b 

distribution in photoisomerization reactions of 3-styrylpyridines 
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and the photoreduction of hydrazine are related to the acid— base 

equilibria in and states. Wan and Turro have studied photo- 
cleavage of benzyl alcohols and the Yates group has examined the 
photohydration of alkenes and alkynesl^^^^^ In these caseS/ reaction 
resulting from excited state protonation, was monitored by quenching 
of substrate fluorescence. Mac Diarmid^^^ et al and Travers et al.^^”^ 
have reported that the electrical conductivity increases dramatically 
by 11 orders of magnitude when polyaniline is protonated. This novel 
protonation induced insulator— to— conductor transiton, called protonic 
acid doping may have applications in molecular electronic devices. 

Molecules which exhibit excited state intramolecular prototrop- 
ism are exceptionally photostable and are widely used as UV stabili- 
zers to diminish photodegradation of polymers. The dynamic processes 
of intramole cularly hydrogen bonded aromatic molecules which involve 
four level energy scheme are important in view of the possibility of 

making a four level proton transfer laser and designing an information 

1 3 B 

storage device at molecular level. 

Fluorescence spectroscopy, because of its favourable time 

scale, provides a powerful methodology for investigating the dynamic 

75 

processes of biological molecules. Since coiled chains of proteins 
are known to uncurl because of ionic repulsion when ionization occurs, 
Reid suggested that excited state dissociation acts as a trigger 
in rapid biological process. 
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1 .7 SCOPE OF THE PRESENT WORK 

Derivatives of fluorene— 9— carboxylic acid, called MARPHACTINS 
have long been known as potential plant growth retardants, herbicides, 
regulators and senescence inhibitors of detached plant partsl*^^ 

So the effect of these compounds on geotropism and phototropism of 
plants has been considered as a novel phenomenon. Fluorene deri- 
vatives are carcinogenic, and these bind to DNA, resulting in muta— 

. 141 142 

genity and modification of its protein recognition. ' A corre- 

lation between the carcinogenicity and dissociation constants has 

143 

also been attempted. Theoretical studies on the interaction of 

144 

fluorene derivatives with nucleic acids have recently been reviewed. 

Some of the diamines are used as analytical reagents for the deter— 

145 

mination of vanadium and aluminium. In spite of their paramount 

importance in physiology, biochemistry and analytical chemistry, to 
our knowledge, the spectral characteristics of these molecules have 
not been explored systematically and extensively except in a few 
cases It is the aim of this work to draw better insight 

into the chemical and physical properties of fluorene derivatives 
in the ground and excited singlet states. The quantum of information 
on the absorption and fluorescence characteristics of these systems 
available till now, is summarized as follows. 

(i) As fluorene is a first member of the series of 0-0' 
bridged biphenyls , the electronic spectrum of fluorene can be best 
understood from the spectrum of biphenyl. Unlike biphenyl, the 
absorption spectrum of fluorene is vibrationally well resolved, and 
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red shifted presumably because of the strained nearly planar geometry 

146 

of the molecule. The spectrum comprises of three band systems. 

The moderatly intense and strong transitions observed at 300 nm and 
260 nm are polarised along the long axis of the molecule whereas the 
weak transition at 287 nm is short axis polarised. The long wave- 
length absorption band of fluorene comprises of very complei^^ 
vibrational structure. It has been shown that this electronic band 
consists of three vibrational frequencies with values 800 cm , 500 
cm'”^ and 1420 cm~^ . 

The fluorescence spectrum of fluorene is also structured 

(300 nm, 331 nm) and essentially holds a mirror image relationship 

147 

with the long wavelength absorption band. The band position and 

intensity of the absorption and fluorescence spectra are nearly 
insensitive to the solvent environment. 

(ii) Fluorene and methoxyf luorenes form excimer at low 
148 

temperature. A theoretical model for excimers has been proposed 

1 49 

by Minn et al. 

(iii) The ground state pK values, reveal that the behaviour 

3 . 

of 9— substituted fluorene is different from that of other substituted 
compounds. For example, 9— fluorenamine in which amino group is 

attached at the saturated 9— methylene carbon is considerably more 
basic than its purely aromatic congeners. This essentially behaves 
like an aliphatic amine. 

It is speculated from the difference in pK^ values, that there 
is an intramolecular hydrogen bonding between the carboxylic group at 
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1-position and hydrogen atoms at 9-positions of fluorene molecule. 

(iv) 9— Aminofluorene exhibits unusual dual emission. The 
solvent dependent long wavelength fluorescence was attributed to 
TICT conformer in the state. 

(v) Transfer of triplet energy from 2-ace ty If luorene to 
lanthanide ions have shown that the titt state is of lower energy 
than that of ^nJC* state. 

Since the information available on the absorption characteri- 
stics of fluorene systems is fragmentaary and that on fluorescence is 
scarce, we pursued the systematic study on the effects of substitution, 
solvent and pH on the absorption and fluorescence characteristics of 
substituted fluorenes. The study on bifunctional molecules would be 
more fascinating because they form basis for the understanding of 
steric hindrance, resultant resonance and inductive effect, geometry 
and dipole, moment. To carry out the investigation, a series of seven- 
teen substituted fluorenes and six structurally related diamines 
have been selected. These are divided into three groups such as 
methyl substitution, carbonyl substitution and diamines. The selec- 
tion of these molecules can be rationalized as follows. 

(i) It has been shown that molecules other than arylamines 

128 129 

also undergo proton— induced fluorescence quenching. ' This 

stimulated the interest to see whether simple substituted fluorenes 
{fluorene, 1— methylfluorene and 9— fluorenemethanol) would also under- 
go the proton induced fluorescence quenching or not. The advantage 
of these molecules is that these have simple groups which are devoid 
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of other prototropic equilibrium. The protonation aspect can also 

be studied in the light of the experimental and theoretical results 

which predict that aromatic hydrocarbons become more basic upon 
154 

excitation. Moreover/ it is believed that understanding of the 

basic molecule is a kind of prereopiisite for the understanding of 
similar reactions of the substituted compounds. 

(ii) The second group i.e, carbonyl systems include acidS/ 
esters, amides, aldehyde and ketones., 

(a) The effect of — COOH and —COO groups on the spectral changes 
of condensed ring systems have revealed that -COOH (with few excepti- 
ons) and —COO are nonplanar in. the state but become coplanar with 

the aromatic system in the state. The degree of planarity is more 

— 2"^ 155 

for -COOH group than that of -COO group, ' This aspect of studies 

on fluorene systems would give interesting information about the geome- 
try of the substituents with respect to the fluorene moiety. To see 
the effects of these substituents on the spectral transitions, substi- 
tution is carried out at different positions of fluorene. In fluorene- 

1— and —4— carboxylic acids, —COOH is along short axis of the molecule 
and hence are expected to impart nearly identical effects. In fluorene- 

2— carboxylic acid —COOH group is along long axis. In fluorene-9— carbo- 
xylic acid it is attached to an aliphatic carbon. The acidity and 
basicity of these compounds are expected to be different. 

(b) Protonation reaction of amides has received great atten- 
tion^^^”^^^ because of the controversial protonation site, inappli- 
cability of Hammett's acidity scale and the medium effect. On the 
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same lines / fluorenamides can also be investigated to locate the site 

of protonation and evaluate actual pK^ values. If the Haimmett's acidity 

scale is not valid for these also, hydration requirement can be invoked 

to relate and H. scales. 

O A 

(c) The study of carbonyls would be interesting owing to the 

fluorescence activation by hydroxylic solvents i.e. reversal of excited 

173 174 

states may take place. ' Keeping this phenomenon in mind, three 

carbonyls such as 2— f luorenaldehyde, 2— acetylf luorene and 2-benzoyl— 
fluorene were prepared. The spectral shifts and basicities can be 
correlated with electron withdrawing ability of the substituents. 

(iii) Bifunctional molecules having electron donating and elect- 

T7 5"~*1T8 

ron withdrawing groups have been studied extensively. But 

similar systematic study on molecules having both electron donating 

go 1T9 

groups is less. One such study on 9,10— phenanthroline, which 

contains two nitrogen atoms at symmetrical positions, reveals interest- 
ing features. That is, while protonation on both of the nitrogen atoms 
leads to red shift in the absorption spectrum, first protonation results 
red shift and second, a blue ’shift in the fluorescence spectrum. This 
anomalous behaviour of bifunctional molecule stimulated our interest in 
diamines with substituents at symmetrical positions- 2, 7-diaminof luor- 
ene is selected because the symmetrical amino groups are placed at 
positions where the exchange of electron density is possible. 

The other diamines which are expected to have similar behaviour 
are o-phenylenediamine (oPA) , p-phenylenediamine (pPA) , m-phenylene- 
diamine (mPA) , 2, 3-diaminonaphthalene (DAN) and 9, lO-diaminophenan- 


, threne (DAP) . 
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The added advantage of these compounds is that the detailed 
studies on their corresponding monoamines are available. So the 
present investigation can be carried out in the light of following 
results . 

(a) Generally monoamines undergo proton— induced fluorescence 

1 84 

quenching with few exceptions. 

(b) In some of the monoamines# prototropic eqpailibrium between 
the monocation and neutral species is not established in the excited 
state . 

(c) The basicity and spectral shifts can be used to get the 
knowledge of geometry of the molecules. 

For all these compounds# solvent study can be carried out to 
comment on the nature of the spectral transitions and solute-solvent 
interactions. The pH dependence can be studied to identify different 

¥r 

prototropic species and to calculate pK^ and pK^ values. 

Low temperature (77 K) fluorescence studies# wherever reqjuired 

f f 

have been made. Freezing locks the fluorophore in the ground state 
configuration and prevents solvent cage relaxation and functional 
group reorganization subsequent to excitation. Thus a comparison of 
absorption and fluorescence spectra taken in frozen solutions with 
those taken in fluid media permits distinction between the solvent 
and conformational effects arising from the ground and excited state 
molecules. Since the low temperature studies in this work are made 
whenever a particular prototropic species is non-f luorescent at room 
temperature# glass forming solvents have not been used. Instead# 
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measurements have been done in a medium in which the species exist. 
Due to this some times scattering is observed with fluorescence. In 
order to get the fluorescence spectarum of any prototropic species / 
comparison is made with the solutions with and without the solute. 



CHAPTER-II 


MATERIALS/ METHODS 
AMD INSTRUMENTATION 


2.1 MATERIALS 

The compounds such as fluorene (F) , 1-methylf luorene (IMF) , 
luorenemethanol (9FM) , fluorene—1— and —9— carboxylic acids (IFA, 

9FA) / 2— fluorenaldehyde (2FA1) / 2-acetylf luorene (2 AcF) , 2,7-diamino- 
fluorene (DAF) , o-and p-phenylenediamines (oPA/ pPA) , 2,3-diamino— 
naphthalene (DAN) and 9 , 10— diaminophenanthrene (DAP) were procured 
from Aldrich Chemical Co. Fluorene, 9FM, IMF, 2FA1, 2 AcF and DAN were 
repeatedly recrystallized from ethanol. 9FA and IFA were recrystalli— 
zed from methanol, DAF from benzene, pPA from ether and oPA from 
water. DAP was vacuum sublimed and repeatedly recrystallized from 
benzene. 

2.1.1 Synthesis 

Starting materials for the preparation were obtained from Aldrich 
Chemical Co. The purity of these compounds varied from 98— 99 •/. and were 
used as such for the preparation. 
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Methylester of IFA (IFE) was prepared by refluxing the acid and 

1 OR 

methanol in the presence of catalytic amount of cone. H 2 S 0 ^ . 

9— Fluorenecarboxylic ester (9FE) was prepared by employing the proce— 
dure given in the literature. Both IFE and 9FE were recrystalli- 

zed twice from methanol (IFE/ 86— 87°C| 9FE, 65°C) . 

Fluorene— 2- and — 4-carboxylic acids (2 fa, 4FA) were prepared by 

Clemmenson reduction of 9— f luorene— 2— and —4— carboxylic acids respect— 

1 87 

ively. 2FA was recrystallized from methanol and 4FA from ethanol 
(2FA, white flakes, mpt 275— 277'^C/* 4FA, colourless crystalline subs- 
tance, mpt 195°C) . 

Ester of 2FA was synthesized by the procedure as used for IFE. 
2FE was recrystallized in methanol (mpt 185— 187°C) . 

2— Benzoyl fluorene (2BeF) was synthesized in two steps. 2-Fluo— 
renaldehyde was made to undergo Grignard reaction with bromobenzene to 
give a pale yellow substance. The major product, a white compound 
was separated by column chromatography and identified as carbinol. 

This was oxidized by the following method. Pyridine (50 ml4) dissolved 
in dichlorome thane (20 ml) taken in a flask was stirred for 15 minutes, 
at constant temperature (15*^C) . To this, CrO^ was added portionwise. 
After the addition of celite, the mixture was stirred further for 
20 minutes at 25°C. To this, the carbinol (20 mM) in dichlorome thane 
was added dropwise and stirring was continued for 25 minutes. The 
reaction mixture was diluted with ether and filtered. After the remo- 
val of solvent and pyridine, the compound was recxystallized from 
ethanol to get white crystalline solid. 
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To prepare the amides (f luorene— 1— / —2— and —4— amides) , the 
following procedure was used. First the acid chlorides of -IFA, 2FA 
and 4FA were prepared by thionyl chloride method.^®^ After the puri- 
fication, the acid chlorides were dissolved in CH 2 CI 2 and reacted with 
cold . The pasty mass obtained was washed several times, dried and 
recrystallized from ethanol (IPAm, 247 °c; 2FAm, 228°C; 4FAm, 137°C) . 

m— Phenylenediamine was prepared by the reduction of m— nitroani- 

189 

line using Sn/conc. HCl. It was recrystallized from benzene. 

2*1»2 Solvents 

A set of five representative solvents were employed for the 

solvent study. These solvents are cyclohexane and water, the extreme 

solvents in polarity scale, ether/d ioxane, hydrogen bond acceptor or 

dispersive solvent, acetonitrile, a dispersive solvent and methanol/ 

ethanol hydrogen bond donor solvents. Spectroscopic grade methanol 

(BDH) was used without further purification. Ether (Alembic), dioxane 

(Sarabai) , acetonitrile (E. Merck), cyclohexane (IDPL) , ethanol (BDH) 

190 

were further purified as described in the literature. 

2,1.3 Purity of the Materials 

Purity of the compounds prepared was checked by Thin layer 
chromatography, UV, IR, NMR spectral data, melting point and by using 
fluorescence technique i.e. by getting same spectral profile when exci- 
ted with different wavelengths. The purity and transparency of the 
solvents were checked by UV spectra recorded using triply distilled 
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water as the reference. Solvents were also tested for spurious fluores- 
cence emission. 

2.2 METHODS 

2.2.1 Preparation of Solutions 

pH of solutions within the range 3—11 was adjusted by the addi- 
tion of phosphate buffers (10 ^M) as this amount of buffer do not quench. 

fluorescence of the sample and also do not alter the prototropic equili— i 
. 191 

brium under study. The total analytical concentration of buffers 

i.e. [H 2 P 0 ^“J + [hP 0~^] was maintained constant for each pH solution 
by adding appropriate amount of sodium hydroxide and phosphoric acid. 

192 

Modified Hammett's acidity scale (H^) was used for the 

solutions below pH 1. The function serves specifically as a measure 

of the tendency for the solution in question to transfer a proton to 

an uncharged or charged basic molecule, increasingly negative value 

193 

corresponding to higher acidity. Benzophenone Hammett's scale was 

used for the prototropic reactions of aldehyde and ketones and H^ acidity 
194 

scale for the amides . For 20^. ethanolic acid solutions of 2 fa and 

195 

2BeF/ a scale proposed by Dolman and Stewart was used. Acid solu- 
tions were prepared with sulphuric acid and basic solutions with either 
sodium hydroxide or potassium hydroxide. 

The concentration of a particular compound in all the test 
solution (H^/ph/h_) was the same. With the help of an Oxford P—7000 
Micropipette system, an accurately measured amount (0.1 or 0.2 ml) of 
aliquots of stock solution of the compound was delivered into a 
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standardized volumetric flask (10 ml) containing H^/pH/H_ solutions. 

The concentration of the proper solute in the test solution was in 

—5 —4 

the order of 10 M and for phenylenediamines it was near 10 M. 

Due to the poor soliibility of the compounds, test solutions 

contained either 0,b%or 1 % methanol . The absorption and fluorescence 

2 

spectra of the samples contained in 1 cm cuvette were scanned immedia- 
tely after preparing the solutions. All the diamines were purged with, 
oxygen free nitrogen for 15 to 20 minutes before the measurements were 
made . 

2.2,2 Determination of Dissociation Constants 

Ground State : The dissociation of an acid can be represented as, 

+ H^O ^ B + H^O"^ ...(2.1) 

^ •"« 3 

and the ground state dissociation constant (pK^) in dilute solution 
can be given by the relation, 

pH = pK - log I ... (2.2) 

where I [bh'**]/[b], ratio of the concentration of conjugate acid to 
that of the base. 

For the dissociation of acids in strong sulphuric acid, activity 
is invoked instead of concentration to give the following Hammett's 
equation, 

~ “ibg(aj_j4. . ^ ^^a ~ inp i ...(2,3) 

f > 

where f is the activity coefficient of respective species and 'a' the 
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activity of The equations (2.2) and (2 .3) demand unit slope for 

the plot H^/ph/h_ Vs —log I. This condition may not be obeyed in cases 

where the prototropic species involve the structural and medium 

effects For example/ in the cases of primary amides and 

benzophenones/ the large deviation from the unit slope requirement 

could not be explained by medium effect alone. So it was explained by 
194 

Yates et al. that the validity of Hammett's cancellation assumption 

(i.e. the activity coefficient behaviour of a set of indicators is 

reasonably independent of changes in the structure) on which the 

construction of Hammett's scale is based, is not correct. Based on 

this, a numerous acidity scales have been proposed and are documented 

197 

in the review by Cox and Yates . 

198 

The value of I in the above equations is given as, 

I = [bh‘*']/[b] = = 

where € and A are molecular extinction coefficient and absorbance. 
pK^ was thus calculated as intercept of the plot H^/pH/h_ Vs log I, 

Excited State : The excited state dissociation constants (pK ) were 
— — — ■ a 

obtained by using two methods. 

79 

(i) The first one is Forster cycle method , which is based on 

a thermodynamic cycle (shown in scheme 1) involving acidic and basic 

forms of the molecule in S and S, states. 

o 1 
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Scliern© 2,1 Forsters relationship of enthalpy changes 
to electronic transitions. 

The energy involved in this cycle, is balanced as, 

AE + AH* = AE' + AH ... (2.4) 

where AE and AE ' are the energies of the 0—0 transition of acid and 
its conjugate base. AH and AH are the dissociation energies of the 
acid in and states respectively. Using the relation, 

AH = AG + TAS, the above equation can be written as, 

“it 

AE + AG + TAS = AE ' + AG + TAS 

i;e. AE-AE* = (AG - AG ) + T(aS - AS ) ••• (2*5) 

Assuming that the entropy of dissociation in S^ and states is the 
same and using, 
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AG = -RT InK = 2.3 RT pK^, Equation (2.5) can be modified as, 

3 . 

AE - AE' =2.3 RT (pK - pK ) or 

3 3 

pK - pK = (AE - AE')/2.3 RT 

ci a. 

This can be written as, 

— — 

pK^ - pK^ = (hVg - hVgj^+)G/2.3 RT ... (2.6) 

where and are wavenumbers corresponding to 0—0 transition of 

the acidic and basic forms of the molecule respectively. The 0—0 trans- 
ition can be obtained either from absorption spectrum, fluorescence 
spectrum or from the average of absorption and fluorescence band maxima 
The accuracy with which pK can be calculated is limited by the follow 
ing assumptions employed in deriving the above relation. 

(a) The entropy change of the prototropic reaction in and 
states is equal . 

(b) The electronic states involved in the absorption and fluores- 
cence spectra of and B should be the same . 

(c) Prototropic equilibrium, solvent and geometrical relaxations 

should be the same in S„ and S. states. 

o 1 

(d) The vibrational energy spacing of and states of the 
given acid as well as the conjugate base should be identical. 

If any of these assumptions does not hold in a particular case, 
one would end up in erroneous results. Schulman et al.®^^ have propo- 
sed a modified Forster cycle which includes vibrational, solvent and 
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geometrical relaxations in both the states. 

, . , . 199 

(ii; The second method is by fluorimetric titration and is 

widely used to calculate the pK values/ because none of the previou— 

3 . 

sly mentioned assumptions are involved in the determination of pK 

3 

values . In this method, the sample is excited at the isosbestic point 
and the relative fluorescence intensity is plotted against acid 

concentrations. If both of the species involved in the equilibrium 
are fluorescent, the above plot gives a sigmoid curve, for both acidic 
and basic species whose point of inflection is the same for both forms. 
If the excited state lifetimes of the species are greater than the 
rate of proton transfer, the point of inflection is the pK value. If 

3 

the rate of the excited state proton transfer is too slow to complete 
with the fluorescence deactivation rate, the fluorescence intensity of 
an emitting species reflects the ground state concentration, which in 
turn, depends on the ground state pK value. This situation generally 
occurs if the pK^ values fall in the mid pH regions where there is 
insufficient amount of protons to establish the equilibrium in the 
state. On the other hand, if the excited state proton transfer rate 
is comparable with fluorescence decay rate, a stretched fluorimetric 
titration curve is obtained giving rise to both pK and pK values. 

3 3 

The estimation of l/l_ is very simple if the fluorescence band 

o 

maxima of the prototropic species involved in the equilibrium are well 

separated. But more often, the fluorescence spectra of conjugate acid- 

base pair overlap each other. In these cases, the overlapping factors 

89 

can be introduced as described by Ireland and Wyatt. 


The actual 
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intensities are given as. 


0 = {F - k'F')/(l - kk') ... (2.7) 

0'= (F' - kF)/(l - kk') ... (2.8) 


where F and F' are the fluorescence intensities, k and k' are the 
overlap ratios of the Bh"^ and B forms respectively. The value of k 
is obtained from solutions showing only the characteristic f lucres— 
cence of BH form and is the ratio of the fluorescence intensity of 
BH (measured at analytical wavelength for B) to the intensity at the 
wavelength where BH emission is measured. Similarly, k’ is obtained 
from the measurements in a solution having B as the only fluorescent 
species. 


(iii) Though the third method, a time dependent fluorescence 
technique, has not been utilised in this work, for the sake of comple- 
tion, it is presented here. This technique uses the following 

relation?9-200 


pH = pK* - log tg/fo ••• 2.9 

where pH reflects the acid concentration at which relative intensity 
curves show an inflection, and are the fluorescence lifetimes 

of acidic and conjugate basic species respectively. Alternatively, 
by calculating the rate of forward and backward proton transfer 
processes, the value of pK^ can be obtained. So to calculate the 
accurate pK value it is necessary to use time dependent techniques . 
HoVever steady state fluorescence spectroscopy continues to be at the 



helm in all practical purposes because it is less expensive and 
relatively simple to apply. 
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2.2.3 Quantum Yield Calculation 

The fluorescence quantxim yields (jz5^) of the compounds were 
calculated using the solutions with absorbance (at excitation wave- 
length) less than 0.1. It is because to reduce the self absorption 
* and other quenching phenomena. The fluorescence spectrum recorded 

in this case was corrected by the procedure mentioned in section 2.3.3. 

Quinine sulphate in O.IN H^SO. (0^ 0.55, /\ 313, 440) and in 

2 4 ± ex em 

some cases anthracene in ethanol (0^. 0.31, A 366 nm) were used as 

r ex 

the standards 

The relation used for the quantxam yield calculation is as 
follows. 


F CT A 

0 - rA yr unknown -"standard standard 

^unknown ^standard ^A-, 

standard Unknown unknown 

where F is the area under the corrected fluorescence spectrum, q the 
photon out put of the source at the excitation wavelength taken from 
the curve (Fig. 2.3), A absorbance. 

2.2.4 Lifetime and Quenching constant Estimation 

Lifetimes of the species which exhibit proton induced fluores- 
cence quenching were calculated from the following relation connecting 
lifetime and the quantum yield. 



36 




1 




. .. ( 2 . 10 ) 


^FM estimated from the intensity of the appropriate absorption 


envelope using Strickler— Berg relation 
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1 .e . 


= 2.88x10 ^ n 


2 / -3 N. 


av 


- 


€■ din V 


... ( 2 . 11 ) 


where n is refractive index, g multiplicity weighing factor and 


F (v) dv/^ F (v ) dv 


where F is the relative fluorescence intensity at the wave number v. 
This equation predicts reasonably good values for the lifetime for 
the molecules where S— S transition is strongly allowed and when there 
are small displacements from equilibrium nuclear configuration upon 
excitation. In other words, potential energy surfaces of both the 
states have the same shape, i.e. mirror image symmetry is retained 
between the absorption and fluorescence profiles. 


The lifetimes of neutral and monocation species of 2,3-diamino- 
naphthalene were measured by Picosecond time correlated single photon 
counting technique. The true fluorescence function can be extracted 
from two experimental time profiles, one that of the scattered exci- 
tation function distorted by the measuring system. Under certain 

conditions the observed fluorescence decay R(t) is a convolution of 

.203 ■ 20'4r 

the tirue decay F(t) and the measured excitation function ' L(t*) 

i.e. 

t 

R(t) = _/" L(t') F(t-t’)dt’ 

o 


( 2 . 12 ) 
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If the correction factor for the wavelength dependent response of PMT 
called time shift (p) , is incorporated, the above equation takes a 
convenient form, 

R(t) = y'L(t-p) F(p) dp ... (2.13) 

when R(t) and L(t) are known, F(t) can be determined by variety of 

205 206 

techniques. We have used least squares method . 

Proton— induced fluorescence quenching kinetic analysis is done 
by considering the following reaction scheme, 


(AH"f 4- H 2 O 



AH 4- H2O 




HgO 




,kq[H3d] 


A + H^O 


k^ and k 2 are the dissociation and association constants of acid and 

I f 

base respectively for state. The prime stands for ground state. 

k,/ k, are the fluorescence decay and radiationless decay constant for 

r ■ a ■ ■ 

the acid and the same with 'prime' stands for the conjugate base. The 
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proton— induced fluorescence quenching constant for the 

base . 


Using the steady state approximation, one can write. 


I 

I 


1 + 




[k2 1 k^d ] y; 


[H30-] 


(2.14) 


If the value of '2^+ is large, k^> k2[H20'*'] at [h^o'^] 40. 5M, the 
following equations should hold 


The above equation (2.14) simplifies to 



1 + 


k* 

q 




(2.15) 


where I and are the fluorescence intensities of A with and without 
quencher respectively. From the slop^ of this equation and with the 
knowledge of , the proton -induced fluorescence quenching rate constant 
can be calculated. In order to satisfy the above criteria, measurements 
were done at low acid concentration. 


2.3 INSTRUMENTATI ON 
2.3.1 Spectrof luorimeter 

The scanning spectrof luorimeter was fabricated in our laboratory. 
The block diagram and the arrangement to take spectra at low tempera- 
ture are shown in Fig. 2.1 and 2.2 respectively. A brief introduction 
of various parts is given below. 



Signal 
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Spectroflourimeter 
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Fig. 2-2 Diagram of low temperature set up for fluorescence ond 
phosphorescence, 


A power supply (Ps) unit for the lamp (LPS, 251 HR) and the 
lamp housing (LH 150) were procured from Schoeffel Instruments. The 
lamp housing can accomodate 150W Xe lamp, 200V7 Xe-Hg lamp and 200W Hg 
lamp. The total energy output from the lamp could be monitored and 
kept constant by the power supply. 

Two Jarrell— Ash (0.25 m and f/3.5) Ebert grating monochromators 
(82-410 and 82—415) were used. The monochromator (M^) with a grating 
blazed at 300 nm (1180 grooves/mm) with a reciprocal linear dispersion 
(RDA) of 3.3 nm/mm was used for selecting the excitation wavelength. 
The monochromator (M 2 ) with two gratings one blazed at 300 nm 
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(2360 grooves/rnm) with RDA of 1.65 nm/mm and the other blazed at 500 nm 
(1180 grooves/mm) with RDA of 3.3 nm/mm were used for recording the 
emission spectra. The focal length of quartz lenses (L^— L^) were 
chosen to suit the aperture to focal length ratios of monochromators 
and to have a maximum collection of the exciting as well as emitting 
light. 

A cell compartment which is anodized to minimize light scatter^ 
ing was used and this set up is accessible for temperature variations. 
For low temperature measurements (77 K.) , Aminco Bowman ' s low tempera- 
ture fluorescence and phosphorescence accessories could be fitted in 
the cell compartment by replacing the normal cell holders (Fig. '2.1) 
There is a provision to pass dry air to remove the condensed moisture 
from the walls of Dewar flask used for the low temperature measurements 
If necessary a beam splitter could be fitted in the cell compartment 
which enables the calibration of light source. 

Princeton Applied Research Quantum Photometer Console (model 
1140 a) was used for detection and amplification of emission. It 
consists of a detector assembly, an amplifier/discriminator (1140 B) , 
electrometer, a highly stabilized voltage supply for photomultiplier 
tube (PMT) and two rate meters, one with log scale and the other with 
a linear scale. The detector assembly with IP28 PMT (Hamamatsu, Japan) 
was fixed at exit slit of M 2 . Very weak signals could be detected on 
the photon counting mode of the quantum photometer. The amplified 
signal was read from the rate meter on the front panel. A multirange 
and multispeed digital recorder (Fisher Recorder Series 5000) was used 
to record the signal output from the quantum photometer. The emission 
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monochromator M 2 was scanned by a digital drive system, specifically 
made for Jarrell Ash monochromators (Jarrell Ash Omnidrive 82-462) 
which is coupled to the recorder. From time to time both of the mono- 
chromators were calibrated with low pressure mercury lamp. The band 
width of the excitation source is 8 nm. 

Experimental Procedure 

2 

The sample in 1 cm quartz cuvette is excited by a monochroma- 
tic radiation selected by and the emission is collected at right 
angle. After the dispersion by M 2 , the emission signal is picked up 
by PMT and is read in the quantum photometer. The complete emission 
spectrum is recorded by scanning M 2 . 

For the low temperature spectra, the cell compartment is fitted 
with low temperature accessory. The sample in quartz t\ibe is placed 
in liquid nitrogen, kept in a quartz Dewar flask. Then the Dewar flask 
with the sample is placed in the cell compartment. 

Fluorescence excitation spectra can be obtained by setting M 2 
at the fluorescence maximum and scanning . 

2 . 3.3 Correction Factor Determination 

In a spectrof luoriraeter, the intensity of the lamp, efficiency 
of the monochromators and the response of PMT are wavelength dependent. 
So all spectrof luorimeters record only an 'apparent emission or exci- 
tation spectrum' in the absence of an automatic correction accessory. 
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Such uncorrected spectra are grossly distorted version of the 
true spectra. Several methods have been described to obtain the true 
spectra using correction factors. The principles of Melhuish's'^ 

method for the calculation of correction factor, 0(X) for the light 
source (150 Vv, Xe lamp) — excitation monochromator combination were 
followed in this study. This correction factor is the relative inten- 
sity distribution of the light source emerging from at different 
wavelengths. The intensity profile of the lamp obtained by this 
method is shown in Fig. 2.3. The correction factor for emission mono- 
chromator — IP28 PMT combination, R(X) was determined by using the 
procedure described by Chen.^*^"^® This correction factor is the rela- 
tive response of M 2 — PMT combination and is divided by 0(X) to give 
S(X), the emission correction factor at different wavelengths. A plot 
of S(X) Vs X gives the emission spectral sensitivity curve or the 
correction curve, as shown in Fig. 2.4 for low blaze and high blaze 
gratings . 

These correction factors were used to correct the fluorescence 

—5 

spectrum of anthracene (1x10 M in ethanol) recorded using the low 

—5 

blaze grating and quinine sulphate (1x10 M in O.IN H2S0^) recorded 
using the high blaze grating. The corrected spectra obtained are 
shown in Figs. 2.5 and 2.6 respectively. These fluorescence spectra 
match exactly in their profile with the spectra reported in the 


literature 
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2.3.4 Other Instru.ment.s 

Picosecond time correlated single photon counting detection 

system was used to measure the fluorescence lifetimes of monocation 

and neutral species of 2, 3— diaminonaphthalene . It is of Spectra 

Physics Model (Block diagram is shown in Pig. 2.7 ) , uses a CW Mode 

locked Nd— YAG/synchronously pumped, cavity dumped dye laser (Phodamine 

6g dissolved in ethylene glycol— ethanol mixture) as the excitation 

2 

source. The sample contained in a 1 cm quartz cuvette is excited 
with a train of pulses. The repetition rate normally used is 800 KHz 
with the average power of 10—25 mW. The pulses have a autocorrelation 
width of a 10 ps . Fluorescence was collected at right angle to the 
excitation path through a monochromator and the detection is done on 
PMT XP2020. The output pulse of PMT is fed into a constant fraction 
discriminator which provides suitable voltage signals for the time— to— 
amplitude converter (TAG), Time analyser (Canbera Model 2143). The 
data from TAG is acquired in multichannel analyser (Tracr Northern 
Model TN 7200) and fed into a computer to reconvolute to extract the 
true fluorescence function. 

Absorption spectra were recorded on a UV— 190 double beam 
spectrophotometer (Shiraadzu) equipped with U-135 chart recorder. The 
pH of various solution is measured by Toshniwal pH meter model GL 44A. 
Standard buffer solutions were used for the calibration of the pH 


meter 























CHAPTER-III 


SOLVENT AND pH EFFECTS ON THE ELECTRONIC 
SPECTRA OF METIiYL, CARBOXYL^ AMIDE AND 
CARBONYL SUBSTITUTED FLUORENES 


In this chapter, the effects of solvents and acid concentra- 
tion on the absorption and fluorescence spectra of some substituted 
fluorenes have been discussed in great detail. These compounds have 
been divided into four sections: (i) containing and — CH 2 OH 

groups, (ii) containing -COOH, — COOMe groups at positions 1,2,4 and 9 

(iii) containing — CONH 2 groups at position 1,2 and 4 and lastly 

(iv) — CHO, — COCH^ and — COPh groups at position— 2. 

3.1 FLUORENE AND METHYL SUBSTITUTED FLUORENES *^ 

3.I0I Solvent Effect 

The absorption and fluorescence spectral data of fluorene (f) , 
1— methylf luorene (IMF) , 9— f luorenemethanol (9FM) in various solvents 
and at different acid . concentrations are compiled in Tables 3.1 and 


^R, Manoharan and S.K. Dogra, J. Photochem . Photobiol . , a: Chem. 
in press . 
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3 o2 respectively. The spectral characteristics of different species 
are shown in Fig. 3.1 to 3.3. The results are summarized below: 

(i) The absorption spectra of IITF and 9FM are not very differ— 

146 

ent from that of fluorene in any one solvent. The vibrational 
structure as well as the band maxima are not affected by the solvent 
environments . 

(ii) The fluorescence spectra of these compounds resemble each 

other in every respect except a slight red shift (3 to 4 nm) is obser— 

147 

ved for IMF and 9PM as compared to fluorene . 

It is not expected that groups like -CH^ and -CH 2 OH will exert 
significant change in the spectrum of the parent molecule because : 

(i) these are not strongly interacting chromophores with the 71 elect- 
ron cloud of the fluorene moiety and (ii) these are present either at 
position— 1 or position— 9. The former can affect only the short axis 
polarised transition/ whereas the latter one not at all. Since the 
long wavelength absorption band is long axis polarised/ substituent 
effects are not observed in this band. The perturbation by these 
groups seems to be slightly more in state which results in a small 
red shift ( o) 3 nm) in the fluorescence spectra. The spectral band 
maxima as well as the quantum yields indicate that the interaction of 
solvents with these molecules is not very large. The mirror image 
relationship and near matching of the maxima of 0—0 transition of 

absorption and fluorescence spectra illustrate that the nature of the 
146 * 

transition is of 7t 71 character and the emitting and absorbing 


states are the same. 
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Fig. 3. 3 Absorption and fluorescence spectra of neutral 
and monocation species of 9-f luorenemethanol. 

Pig. 3. 4 Fluoriraetric titration curves for the various 
prototropic species of fluorene# 1— methyl- 
fluorene and 9— f luorenemethanol . 
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Table 3.2. Fluorescence Spectral Data of Fluorene^l— Methylf luorene 
and 9— Fluorenemethanol in Different Solvents and at 
Various Acid Concentration. 


Solvent/ species 

Cyclohexane 

Dioxane 

Acetonitrile 

Methanol 

Neutral (pH 7) 

Monocation (H —10) 
o 


1 MF 

302,309 (0.28) 
302,309(0.29) 
299,308(0.26) 
300,306 (0.29) 
302,308(0.26) 
315,326,340(0.12) 


9FM 

302,309 (0.23) 
300,308(0.22) 
300,307 (0.20) 
300,307 (0.24) 

302, 309 (0.30) 
308,322,332(0.25) 


299,308(0.3) 

310,322,332(0.; 


Table 3.3. Acidity Constants of Fluorene, 1— Methylf luorene and 
9— Fluorenemethanol . 


Equilibrixim 


1 

1 

1 

1 

I 

1 

1 

1 

1 


p-r 


r- 

a. , 

1 

ft 

! a 

1 

1 f 

. 1 

FH'^ 

X 

F + 


1 

CD 

• 

0 

• 

00 

1 

-3 .9 

-3.2 


s. 







imfh"^ 



• IMF 

+ h"*" 

• 

00 

1 

VD 

• 

00 

1 

-3,5 

-3 .3 


X 







9FMH'‘* 


9FM 

+ 

-7.8 

-8.1 

-3.8 

-3 .9 


* — 








ft = from fluorimetric titration. 

a and f = by Forster cycle method using absorption and fluorescence 
maxima respectively. 
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3.1.2 Effect of Acid Concentration 

The absorption spectra of F, IMP and 9FM do not change in the 

range H —6 to pH 14 . Below H -*6, red shift is observed in all the 
o o 

bands but the vibrational structure is intact. This can be assigned 
to a monocation formed by the ring protonation at 2— position, because 
electrophilic substitution in fluorene takes place at this position 

4 

followed by 7 and 4 positions o The acidity constants (listed in 

Table 3.3) reveal that the effect of — CH^ and — CH 2 OH is not much. No 

change in the spectra of these molecules in the basic region, is 

consistent with the fact that pK for the deprotonation of -CH,,OH is 

a. 

20S 

above 16 and that of /CH 2 of 9 position is O' 23. 

The effect of acid concentration on the behaviour of the 

fluorescence spectra is very different from that on the absorption 

spectra. The fluorescence intensities of the neutral species of IMF 

and 9FM are quenched above pH 12 without the appearance of any new 

fluorescence bands. Although a monoanion fluorescence band of fluo— 

209 

rene has been predicted by Vander Donckt et al. , we are unable to 
detect it, possibly because of the low sensitivity of our equipment. 
The decrease in the fluorescence intensity could be due to either 
oh”" induced fluorescence quenching or the formation of a non— fluores- 
cent monoanion. The latter possibility seems to be correct as the 
pK values for the neutral- monoanion equilibria determined by fluori— 

3l 

metric titration (Fig. 3.4) for IMF and 9FM (13.9 and 13.1 respecti- 
vely, Table 3.3) are nearly equal to those of fluorene (reported by 

209 I25d 

Vander Donckt et al. ) and N-methyl-2- (hydroxymethyl) benz imidazole . 
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The monoanion of the latter compound is also non-fluo re scent and its 
pK value is 13.5, determined with the help of fluorimetric titrat— 

3 . 

ion; the dissociable proton is from —CHr^OH group. This indicates 
that ^CK 2 ^^5 —OH groups become stronger acids on excitation. 

The fluorescence intensity of IMF is progressively quenched 
with an increase of acid concentration below pH 2, whereas those of 

F and 9FM below H^ 0, without an appearance of new fluorescence bands. 

■ —2 
Invariance of fluorescence intensity with concentration of SO^ (with 

the addition of K 2 S 0 ^) equal to that present in H 2 S 0 ^ used in the 

region, suggests the proton -induced fluorescence quenching process as 

a means of deactivation. Similar behaviour has also been noticed for 

other aromatic hydrocarbons The Stern— Volmer constants, K 

O V 

obtained from the plot of I^/l Vs [h*^] (shown in Fig. 3.5) and 'C pj^j 

202 

calculated by employing Strickler^Berg equation are listed in the 

Table 3.4. The data suggest that the higher values of k. for F, as 

1.28}d 6 "7 

compared to naphthalene ( 'vlO°) and anthracene"^ ( (VlO ; could 

be due to the contribution of canonical structure (II) in fluorene: 



I Scheme 1 I 


The data further indicate that the presence of -CH 2 OH at position-9 

has no effect on k values, whereas — CH_ group at position— 1 may 

q -J 

increase the charge density at position— 2 and thereby increases the 

k value. The small values of k observed for these molecules as 

q q 
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Pig. 3. 5 Stern— Volmer plots for pro ton- induced 
fluorescence quenching of fluorene# 

1— methylf luorene and 9— f luorenemethanol . 


Table 3.4. Proton- Induced Fluorescence Quenching Kinetic Data for 
Neutral Species of Fluorene, IMF and 9FM. 


Sample 

1 

I ^sv 

i ^FM 

1 

"1 

I ^ 

t 

-T 

f 

! ^ 

! 1 <J 


: (M-i) 

1^- 

! (ns) 

_j 

1 (ns) 

_i 

; (m"^s"1) 




F luorene 0.036 -6 

IMF 1.92 10 


1.8 


2.6 


2 X lo"^ 
7 X 10® 
2 X lo”^ 


9 PM 


0.05 


7 


2.2 
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compared to arylamines^^^^ confirm that charge transfer state is not 
the lowest energy state in these molecules. 

Since there is no correspondence between the decrease and 

increase in the fluorescence intensity curves of neutral and mono— 

*r 

cation species, the pK values have been obtained from the formation 

6 . 

curves of monocations. While fluorimetric titration curves (Fig. 3. 4) 

79 

give ground state pK values, Forster cycle calculations show that 

3 . 

aromatic hydrocarbons become more basic upon excitation. Near 

*■ 

resemblance of pK values calculated with absorption and fluorescence 

3 

data using FSrster cycle method, indicate that the solvent relaxation 

for both the species is not different in and states. Fluori— 

metric titration thus demonstrates that the prototropic equilibrium 

is not established during the lifetime of the excited state of acid- 

base pair and the theoretical values for the excited molecules do 

not correspond to the observable processes. Similar results have 

also been observed for the protonation reaction of many aromatic 
2l0 211 

hydrocarbons . Mason and Smith have found from the changes in 

the upper limit for the quantum efficiencies of photochemical hydro- 
gen isotope exchange in aqueous IM perchloric acid that the radiative 
deactivation rate of an electronically excited aromatic hydrocarbon 

5 

is faster than the rate of protonation by a factor of nJlO . The 
same explanation seems to hold good for these molecules also. 

It is thus concluded that (i) the absorbing and emitting states 
of these molecules are the same and are of 71 -+ TI* character, (ii) pro- 
ton-induced fluorescence quenching rate constant for these molecules 
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is not very large and the presence of — CH^ group at 1— position 
increases the value of (iii) the excited state prototropic equi- 

librium between monocation and neutral species is not established 
during their lifetimes because of the slow rate of protonation and 
(iv) -CH 2 group becomes more acidic upon excitation. 

3.2 CARBOXYLIC ACIDS ^ 

The results of 1— f luorenecarboxylic acid(lFA), — 2-carboxylic 
acid (2FA) , -4— carboxylic acid (4FA) , -9— carboxylic acid (9FA) and 
some methyl esters (IFE, 2FE and 9FE) are included in this section. 

Solvent Study 

The absorption and fluorescence spectra of IFA# 4FA, 2FA and 
9FA recorded in different solvents are depicted in Fig. 3.6 to 3.9. 

The relevant data together with those of esters are compiled in 
Tables 3.5 and 3.6 respectively. The absorption spectra of IFA and 
4FA in any one particular solvent, are broad, diffuse and red shifted 
(except middle band ro 260 nm) as compared to the stmctured long wave- 
length band system of fluorene. As the polarity and hydrogen bonding 
ability of the solvents (except water) increase, the long wavelength 
band is progressively blue shifted whereas the middle one is unaffec- 
ted. In acidic water, while the trend continues for 4FA, IPA shows 
red shifted band. It is interesting to note that solvent sensitive 


^R. Manoharan and S.K. Dogra, Spectrochim.Acta, 43A , 91 (1987); 
J. Photochem. Photobiol., A* Chem. in press. 









Absorption (left panel) and fluorescence (right panel) spectra 
of 4-fluorenecarboxylic acid in different solvents. 
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Fig. 3. 8 Absorption (left panel) and fluorescence (right panel) 
spectra of 2-fluorenecarboxylic acid in different 
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aDuoqjosqv 


Fig. 3. 9 Absorption (left panel) and fluorescence (right 
panel) spectra of 9-fluorenecarboxylic acid in 




Table 3.5, Absorption Spectral Data of IFA, IFE, 4FA, 2FA, 2FE, 9FA and 9FE in Different Solvents. 
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long and short wavelength bands of IFA (322 nm, 247 nm respectively) / 
in a given solvent are relatively more red shifted than those of 4FA. 
The absorption spectrum of 2FA is nicely structured and hardly affecte 
by the solvent environment and matches with that of fluorene, except 
a small red shift by 3 to 4 nm. The spectral prof iles of the esters 
are identical with those of their respective acids. But for IFE/ in 
water, absorption band is blue shifted by 24 nm as compared to that 
of IFA. Similar to absorption spectra, fluorescence spectra of IFA, 

4FA and IFE in different solvents are broad, devoid of vibrational 
structure and red shifted as compared to that of fluorene. Fluores- 
cence spectra of 2FA and 2FE are structured in non polar solvent but 
vibrational structure is lost in polar solvents. 

9— Substituted fluorenes (9FA and 9FE) exhibit absorption and 
fluorescence characteristics which are quite different from those of 
other carboxylic acids of fluorene. The spectra of 9FA and 9PE are 
vibrationally resolved and exactly resemble that of fluorene in all 
the solvents . 

As mentioned earlier (Section 1.7), the absorption spectrum of 
fluorene consists of three bands. The bands centered at 300 nm and 
265 nm are long axis polarised and that of 287 nm is short axis polari- 
sed one. Substitution at 1— and 4— positions (along short axis) of 
fluorene will affect considerably the short axis polarised transitions 
if these groups are coplanar with fluorene moiety. Similarly substi- 
tution at 2— position would predominantly affect the long axis polari- 
sed bands. IFA and 4FA can be structurally compared with 1-naphthoic 

Oi O 2.1 ^ 

acid (INA) and 1— anthroic acid (lAA) . The studies on INA 
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214 

suggest that the torsional angle between — COOH group and naphtha- 
lene ring is 11° and this angle is enough to allow significant resona 
nee interaction between these two groups. The red shifts observed 

for these acids (INA, 2400 cm“^; lAA, 1100 cm”^; IFA, 2300 cm“^; 4FA^ 

— 1 —1 

1800 cm ; 2FA/ 650 cm ; 9FAy nearly zero) relative to their parent 
systems suggest that in the acids studied, the resonance interaction 
is maximum for IFA and minimum for 9FA. From the data of Table 3.5, 
it is possible to conclude that —COOH group in IFA and 4FA is nearly 
coplanar with respect to fluorene moiety. This leads to significant 
resonance interaction, thereby 287 nm band is largely red shifted and 
mixed with 300 nm band. Due to this, the long wavelength band system 
is broadened. It is concluded that the short axis polarised transition 
is of lower energy in IFA and 4FA and long axis one in 2FA and 9FA. 

This can be further manifested from the fact that the molecular extin- 
ction coefficient of the first peak of long wavelength band is less 
than that of the other peaks in IFA and 4FA, whereas it is opposite 
for 2FA and 9FA. The latter trend resembles that of fluorene. The 
resonance interaction between -COOH and the ring introduces charge 
transfer (CT) character in the short axis polarised state (as sugges- 
ted by the canonical structures in Scheme 2) . As —COOH group is 


HO^C^ 



Scheme 2 
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coplanar, any interaction with solvent will be reflected in the absorp- 
tion spectrum, as presented in the Table 3.5. Since in IFA and 4FA, 

— COOH group is along the short axis, one would expect the spectra of 
these acids to be identical in position. But the red shift observed 
in absorption spectrum for the particular acid, as compared to its 
parent molecule (F) , is more for IFA than 4FA. This is because the 
hydrogen atoms at position— 9 may facilitate the partial rotation of 
the 1— carboxylic group to have an intramolecular hydrogen bonding. 

In the case of IFF, where the hydrogen bonding may be less effective 
for steric reasons, the absorption spectrum is nearly same as that of 
4FA where the intramolecular hydrogen bonding is not possible at all. 
This is further manifested from the study of dissociation constants 
(vide infra) i.e. the pK for IFA is 4.0 and that of 4FA is 3.0. 

3 . 

The more diffuseness of the fluorescence spectra of IFA, 4FA 
and IFE could be due to the complete rotation of —COOH group in the 
state, thus making this group fully coplanar with the ring. Since 
the transition moment of the long wavelength absorption band of IFA 
seems to be perpendicular to the long axis of fluorene ring, a grea- 
ter conjugation is expected in state than in the state, thereby 
introducing greater CT character into state. The exceptionally 
large red shifted fluorescence band of IFA in acidic water, and the 
spectral similarity of iFE and 4FA confirm the presence of an intra- 
molecular hydrogen bonding in IFA as proposed for the ground state 
species. The large Stokes shift (given in Table 3.7) observed for 
IFA and 4FA is not only due to the greater difference in the and 

state geometries but also to the greater change in the dipole moment 
upon excitation. Smaller Stokes shift observed for IPA as compared 



Table 3.7. Stokes 

and 9 FA 

— 1 

Shift (cm ) 

. in Different 

Observed 

Solvents 

for IFA, 

and at 

4FA, 2FA 

Various pHs 

Solvent 

IFA 

4FA 

2FA 

9 FA 

Cyclohexane 

2400 

. 2600 

1430 

1070 

Ether/Dioxane 

2170 

4910 

1870 

1130 

Acetonitrile 

3650 

5550 

4000 

1240 

Methanol 

5180 

6310 

3100 

1070 

Water 

6690 

7600 

5180 

1400 

Monoanion 

4700 

6380 

2870 

970 

Monocation 

— 

- 

4810 

— 

Dication 

— 

6630 

5130 

— 
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to 4FA in any one solvent further indicates that the difference bet- 
ween the ground and excited state geometry for IFA is less than that 
of 4FA and thus is consistent with the earlier conclusion derived for 
IFA. In other words, it may be concluded that unlike in 4FA/ — COOH 
group at 1— position is nearly coplanar with the fluorene ring even 
in the ground state, because of an intramolecular hydrogen bonding. 

In the case of 2FA and 2FE, molecular models indicate that 

— COOR group is free of any moderating factors. So one would expect 

large effect on the spectra of these molecules. On the contrary, 

absorption and fluorescence spectra are structured and these exhibit 

small Stokes shift in non— polar solvents, indicating that —COOR group 

is not coplanar with fluorene ring, both in and S^ states- This 

kind of behaviour has also been observed for indole— 3— acid, eventhough 

155 

steric hindrance is absent in this case. The large Stokes shift 

observed for 2FA and 2FE in polar solvents can not be explained by 
simple solute-solvent interaction, especially when -COOR group is non— 
planar with the parent moiety. It seems that in polar and protic . 

solvents, the following canonical structures may be stabilized there— i 
by leading to a more planar structure in the state and thus displays: 
a large Stokes shift. The driving force behind this charge migration 



Scheme 3 
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is the combination of the transition dipole moment of the long wave- 
length transition, which is long axis polarised and polarity of the 
solvents. As might be expected, significant hydrogen bonding interac- 
tion with the solvent is better transmitted to the ring through 
coplanar form. 

Strikingly different absorption and fluorescence spectral beha- 
viour of 9FA and 9FE (identical with those of fluorene) indicates that 
there is practically no interaction between — COOR group and fluorene 
ring. This is clear from the molecular model i.e. as —COOR group is 

3 

attached to an sp hybridized carbon, the n electron cloud of —COOR 
group is not in the plane of the JT cloud of the fluorene ring to have 
any significant interaction. 

3.2.2 Effect of Acid Concentration 

Fig. 3.10 to 3.13 depict the absorption and fluorescence spectra 
of different prototropic species of the acids and the pertinent data 
are compiled in Table 3.8. For all the acids except 9FA, existence of 
neutral species below pH 3 and anion after pH 5 was manifested by a 
blue shift noted from neutral to monoanion species. After pH 14, a 
small red shift is noted and is not complete even at H__17, the highly 
basic condition used. In the acidic region at H^— 6, absorption spect- 
rum of IFA is blue shifted and that of 4FA is red shifted indicating 
the formation of a monocation. Monocations of 2FA and 2FE are formed 
at H^-8 resulting in a large red shift in the absorption spectra. On 
increasing the acid concentration further, IFA and 4 FA show red shift, 
and 2FA a blue shift in their absorption spectra. Fluorescence spectra 
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Table 3.8. Absorption and Fluorescence [in square bracket] Spectral Data of Different Species of 
Fluorenecarboxylic Acids and Esters. 


Ha 


VD 


K 

d 

0 

•ri 

a 

Q 


VD 


00 

Pi 

'p 

O 

-H 

P 

fd 

o 

p 

o 

s 


liO 


X 

p 

o 

-H 

fd 

a 

•H 

P 


VO 

I 


P 

O 

•H 

fd 

o 

o 

p 

s 


nd 

P 

g 

i* 

o 

o 


ro 


in r- 

♦ • 

ro 

CX> O 
ro r- 
CO (N 


1 1 


VD 

VO 

» 

ro 

in 

ro 


CM 

uO 


O 

I r- I 

CM 


in cTv in 00 
Ov 1> O tH 

• • t • 

CO ro ^ 


I 


On in 0> CTi 

o in in 

ro ro CM CM ^ 


< 

(jq 


W 

P4 


Pt( 


77 


VO O 

O 

r- 

in r-i 


00 ^ CM 

O 

O VO ! 

tHI 

rH ! 

1 r- VO 1 

i 

i r-i Cn 00 

rH 

ro CM 


ro 

CM CM 


ro CM CM 



Tf 

■P 

C 

o 

o 


( 1 


✓-"X 







ro 00 


r- 

^ a\ o 

CM 

o 


00 r^ 

CM 

o 

O <J\ o 

O 

ro 


• • 

• 

• 

• • • 

• 

ro 

t — 1 

ro ro 


o 

^ ro ^ 

o 

• % 

O 



x—' 

X-^ X.,*' x...^ 

X-." 

CM CM VO CM 

CM 

00 00 

n 

00 

^ VO ro 

ro 

O VO ^ in 

1 in 

ON 00 

1 VO 

VD 

O CTi CTv 

ro 

ro CM CM ro 

ro 

CM CM 

CM 

ro 

ro CM CM 

ro 


VO 




VO 


ro 


in CM CO 

CM I CX) 
ro CM ro 


✓-X 

I — 1 

--X 



/-X .-"V 


x-x 


• X 



0 

CM 

tH 

rH 

tH ro 

CO 


CM 

(Ti 


VO ro 

o 

r- 

ro 

00 

O O 

VO 

o 

tH 

tH 


• • 


• 

• 

• 

• • 


• 

• 

• 


ro Tji 


ro 


ro 


• % 


CO 

O 

1 — 1 

X— <' x.^- 

0 X 

x-^ 

x-^ 

x-^ 

X-^ 'X>' 

fd 

x-^ 

x»^ 


0 

crv O 

00 

CO 

O 

00 

tH 


tH 

tH 

00 

ro 

T-q lO 1 

a\ 

f-H 

1 in 1 1 

tHI 

1 C- VO 

ro 

^ ! 

1 ^ 

o 

O 

ro CM 


ro 

CM 

ro 

CM CM 


ro 

CM 


ro 


L J 





1 i 



1 — 1 



CM i 



1 — 1 



j — 1 



r— 1 



X 





✓-x^-x 

..-X 

.'-x 

<<-X 

><-x 

.<-x -'-X '<r-x 

✓-X 

Pi 


VO iH 00 

tH 

tH 

VO 

a 

Os 

lO CM 

CM 

Uf) 

CM 

X--', 


VO Cx CTv 

rH 


tH CM 

tH 

00 

O tH 

CM 

o o o 

CM 

iH 


• • • 

a 

• 

• • 

• 

« 

• • 

• 

'• ' • ' • 

« 

fd 


ro ro ro 

o 

ro 


o 

ro 


O 

^ 

O 

u 

CM 

x^ x-" x-^ 

x-^ 

X_^ 

Xw^ X-^ 

x-^ 

x-^ 

X-.-' x-^ 

x--* 

X-.^ x-^ 

X-.' 

-P 

^ O tH 

o 

O 

o in 

CM 

in 

CM CM 

c- 

fX. f«x ^ 

lO 

P 


ro CM VD 

ro 

iH 

1 VO 

CTi 

o 

1 VD 

a\ 

O CJv 00 

VO 

0) 

X 


ro ro CM 

1 1 

ro 

CM CM 

ro 

[ I 

ro 

CM CM 

ro 

i— i 

ro CM CM 

ro 

1 1 


Pq 

CM 




78 


nd 

4^ 

c 

o 

o 

CD 

0 

CD 


<D 

H 

















(Ti 



CO 00 ro CTi 







Oi 0 



0 rH 







• • 



• • • • 







ro ^ 

1 — 1 


ro ro ^ 







'w-' 

0 


Nm^-' 'V-y- 

1 — 1 






r- 00 



in r- CO CM 

n 

4 :) 

1 


1 


0 00 1 

in 


CM 0 00 vo 

n 






ro CM 

1 — I 


ro ro CM CM 





















j 






tHI vo lO 



ro h' 







VO VO CM 

r 4 

j — 1 

VO VO CM 

t -4 






• 0 • 

r 4 


• • • 

tH 






ro m 

ro 

in 

ro ro 

ro 




i 1 


■W' 

% 

ro 

■v—*- v--«* 

% 


OD cr\ 

0 


0 CTi iD 

ro 

• 

CD 00 n 

ro 

iD 

r 4 0 ^ 

00 VO 

t-H 


0 00 VO 

0 

0 

ON CO vo 

0 


ro CM CM CM 



ro CM CM 

ro 


CM CM CM 

ro 







1 1 






i'—N, 



✓“>. ---Nk 






r 4 




iD 00 



n n 



CM 

00 



CM ro 



t-4 CM ro 



• 

• 

I 


• • • 

1 — i 


• • • 




ro 




tH 


^ 



■S— <» 




-s^ -s«^ 

CM 


x«^' v-^ 

1 


VO 

r 4 

0 


ro ro 

ro 


CM ^ CM 



CM 1 

1 

GV 


0 CT> 00 

1 » 


0 ON CD 



ro 

CM 

ro 


ro CM CM 



ro CM CM 





1 — 1 






















N -—V 



^ V --—X 




r-i 

ro 


ro ro vO 



ON r-- ro 



0 

t -4 

0 


ro in rH 



CM n t -4 



• 

• 

« 


• • • 



• • • 




ro 

0 

\ — 1 

ro ro 



ro ro 


oo 


N— 

'w' 

rd 

'W' 'W^ 

1 


V--'' 

1 


rH 

0 

0 

CM 

ch 00 in 



CON 00 n 



1 

1 ^ 

t -4 

h- 

crv 00 vo 



cTN 00 vo 



ro 

CM 


cn 

CM CM CM 



CM CM CM 





\ 1 










i 1 













r~~i 



f~ni 


0 

iD CM 

00 


t -4 ro in 



CM ^ 00 



r 4 

0 t-H 



VO VO CM 

t -4 


r- CM 

cr\ 


• 

• • 

• 


• • • 

r -4 


* « # 

0 




0 


ro ro ^ 

ro 


ro ro 

ro 

cm' 


'W' 

'w' 


v--'' 'w' 






CT\ 

CM CM 

r- 


00 00 VO 

ro 


0 0 VO 

CM 


0 I 

r- VO 

VO 


ON 00 vo 

0 


0 <Ti VD 

0 


ro 

CM CM 

cn 


CM CM CM 

ro 


ro CM CM 

ro 







1 1 



t — 1 


{xl 




< 





tHI 





pq 



pq 



CM 




ON 



a\ 



• % J-l 

0 O 

d 44 

-H 

nd W 

•H T-i 

M 

Q) cd 

-p 

•H fd 

On x} 




ca 

CM 


-H 

+ 

* % 

'B 

0 


% 

d 

r 4 

W 

0 


P 4 

X 

5 

CM 

0 

Oi 


x: 


d 

0 

4 J 

•H 

1-4 

fd 



iD 

VO 


0 

>1 


C:) 

d 


•H 


II 


pq 

B 

CM 


<U 

d 

(d 

•§ 

iH 

a 

>1 


0 

d 

•H 

It 

Cd 


CO 

‘rl 

CO 

>1 


o 

M 


>1 

4 :: 


0 

-P 

44 

fd 

CO 

0 

-H 


0 

0 

P4 

to 


d 

o 

-H 


§ 


II 

o 


II 


'd 

0 


B 


4^ 

fd 

tjy 

d 

•r4 

M 

0 


CD 

CM 44 


X 

0 


d 

0 

0 

ro 

•r 4 


44 

+ 

fd 


d 

r 4 

0 

0 

44 


0 


U 


Q< 

53 

0 

0 

*d 

s 

0 

d 

x; 

*r 4 

-p 

It 


4 d 



} 



79 


of monoanions are blue shifted as compared to their neutral species » 

At H_ 17/ except 4FA other compounds give very weak fluorescence band. 

On increasing the acidity after pH 3/ all the acids and esters (except 

4FA) display red shifted fluorescence band due to monocation formation. 

Monocation of 4FA is non— fluorescent in aqueous solution but exliibit 

intense fluorescence in cyclohexane +2XTFA and methanol + H2S0^ media. 

Similar results have also been observed for the protonation of indole— 
215 

4-acid. At H —8/ a new blue shifted fluorescence band is observed 

o 

at the expense of monocation fluorescence for all the compounds except 
IFA, where it is non— fluorescent . 

Absorption spectral changes after H_ 15 indicate the presence of 

a dianion formed by the deprotonation of /CH 2 group at 9— position 

and — COOH group of the respective acids . Though very high value of 

209 

pK (a? 22) has been predicted for the deprotonation of it 

is expected to be near H_ 17/ because such a large decrease in the 
pK value is generally not expected in S state by having an electron 
withdrawing group. This is further manifested from the pK values 

3 

for this reaction of 9— ethoxy and 9— cyano substituted fluorenes which 
are found to be 10 and 11.4 respectively. l^E undergoes hydrolysis 

at this basic condition to give —COO species. The weak fluorescence 
observed for IFA and 2FA in highly basic solution can be attributed 
to dianion formation in the state. 

Unlike neutral species/ monoanions display structured absorpt- 
ion spectra which closely resemble that of fluorene molecule. Even 
the molecular extinction coefficient of the first peak of long wave- 
length band is more than the other peak of this band. This clearly 
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suggests that —COO group in these molecules are not coplanar with 
respect to the fluorene moiety, even at position-1, where some intra- 
molecular hydrogen bonding seems to be present. This is because of 
the presence of a negative charge on the —COO group that will inhibit 

the charge transfer from the ring to the -COO in state. This 

also indicates that the lowest energy transition in the monoanions 
may be long axis polarised. On the other hand, the fluorescence spectra 
of monoanions, though blue shifted with respect to the neutral species, 
are largely red shifted with respect to fluorene and are broad bands. 

The Stokes shifts observed are also large, but less than that noticed 
for neutral. This suggests that —COO group in state becomes more 
coplanar as compared to that in state but not to that extent as for 
the neutral species. The driving force for this change in the geometry 
of —COO group in state is due to the presence of transition dipole 

moment, which induces this change as shown in the scheme below. The 

fluorescence spectrum of monoanion of 2FA is broad and more diffuse 



Scheme 4 


than absorption spectrum and also red shifted as compared to fluorene 
fluorescence. It can be explained on the same lines as has been done 
for IFA and 4FA. The spectral changes observed in the formation of 
monoanions are consistent with those observed for the other systems . 
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At pH 3/ a spectral change observed in all the species / except 
for esters, suggests the formation of neutral species as suggested 
earlier. This is further based on the fact that the spectral charactejo- 
istics of these molecules are similar to those observed in non-aqueous 
solvents. The spectral behaviour of acids and esters in high acid 
concentration is rationalized as follows. If xr -* is the lowest 
energy transition, protonation at the carbonyl oxygen results red 
shift in the spectra. Absorption spectral changes indicate that mono- 
cations of 2FA and 4FA are carbonyl protonated species . While this 
protonation in 4FA leads to a normal red shift, 2FA shows largely red 
shifted band. This large shift of 'V40 nm in the absorption spectra 
can not be attributed only to the protonation reaction, because as said 
earlier, — COOH is non planar in the state. It can be rationalized 
that subsequent to protonation, a charge reorganization takes place, 
thereby leading to canonical structure contributing to the stability 
(shown below) . The driving force for this could be the presence of a 




S cheme 5 

positive charge on the -COOH group and the polar medium. The second 
protonation (after H^— 8)results in red and blue shifts in the cibsorption 
spectra of 4PA and 2FA respectively. As mentioned earlier (section 
3.1.2), the electrophilic attack in fluorene takes place at position— 2, 
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followed by at positions 7 and 4. This leads to the canonical struct- 
ure (II) (Scheme 6) and thus red shift is noted. A similar behaviour 
has also been observed for the ring protonation of f luorene . In the 



Scheme 6 


case of 2 fa, the ring protonation will occur at position-7 and thus 
will inhibit the complete charge transfer as suggested in the Scheme 4. 
Due to this, blue shift is expected in the absorption spectrum. 

Contrary to 2FA and 4FA, IFA displays a blue shifted absorption 
band on first protonation. This is also assigned to carbonyl protona— 
ted monocationy because this protonation might break the intramolecular 
hydrogen bonding between — COOH and 9— methylene hydrogen atoms which 
exists in the neutral species. As expected, the absorption band maxi- 
mum of the protonated IFA is same as those of the monocations of IFE 
and 4FA. The dication of IFA is ring protonated species. Prototropic 
reactions of esters are similar to that of their acids. 

Fluorescence spectral studies in high acid concentration has 
revealed that monocation is of carbonyl protonated species. Monocation 
of IFA emits red shifted fluorescence near 498 nm and its intensity dependsS 
upon the wavelength of excitation i.e. fluorescence is not observed 
when excited above 310 nm. Though it can not be said precisely from 
our studies, it is speculated that inter system crossing might be 
dominant when excited with A >310 nm. The formation of monocation 



83 


is confirmed from the fluorescence measurements in cyclohexane + 2 'A 

TFA. The highly blue shifted fluorescence (440 nm) for the monocation 

in the above non polar medium indicates that solvent relaxation is very 

minimum. This is in agreement with the studies on 1— and 2— naphthoic 
213 

acids. In case of 2FA and 2 fe, carbonyl protonated monocations are 

involved in resonance interaction as mentioned in Scheme 3 . The large 

solvent relaxation for this species is manifested by recording the 

spectrum in cyclohexane + 2/. TFA. Monocation of 4FA is non— f luorescent, 

whereas similar species in non— polar medium is fluorescent and the band 

maximum is red shifted in comparison to that of the neutral species. 

The large solvent relaxation is further manifested from the largely 

red shifted (468 nm) fluorescence band/ observed in methanol + 30/, (w/w) 

H2S0^. Though it is difficult to assign the reason exactly, the study 

43 

of Plom and Barbara indicates that the hydrogen bonding interaction 
leads to the increase in the rate of internal conversion. 

The dications of 2FA/ 2FE and 4FA are blue shifted and that of 
IFA is non-f luorescent . The blue shift observed in the fluorescence 
spectra of dications can be rationalized interrns of the ring protonation 
that reduces the conjugation between — COOR group and the ring as explai- 
ned for the ground state behaviour.. 

The spectral behaviour of 9FA and 9FE is different from that of 
other acids and is summarized as follows ^ 

(i) Between and pH 14, virtually there is no change in the 

absorption spectrum which resembles that of fluorene and the reasons 
mentioned earlier are the same.. Since all the reactions involved in 
this acidity range are on -COOR group, no effect is seen on the 
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spectrum. The species involved are monoanion, neutral and monocation 
(carbonyl protonated) . No fluorescence is observed from monocation. 

(ii) After S, the absorption and fluorescence spectra are red 
shifted and the spectral intensity is continuously increased even upto 

10. This spectral changes can be assigned to the dication formed 
by the ring protonation preferably at position— 2. This assignment is 
made on the basis that the spectral profiles are identical to those of 
the ring protonated fluorene (Section 3.1.2), 

(iii) Absorption and fluorescence spectra of 9FA and 9FE are 
largely red shifted in the high basic region (H_ 17) . This change 
indicates the existence of dianion for 9FA, formed by the deprotonation 
of — COOH group and ^CH group at position— 9 and monoanion for 9FE 
formed by the deprotonation of -^CH group. This deprotonation changes 
the hybridization at this carbon which brings —COO or — COOCH^ group 

in plane with the fluorene ring. Now, an intramolecular hydrogen 
bonding could occur between the substituents at 9— position and hydrogen 
atoms at 1 and 8 positions as shown belov/. This can be substantiated 

Scheme 7 

by the observation of a large red shifted fluorescence (510 nm) for 
9FA as compared to that for 9FE (455 nm) . 
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3.2.3 Acidity Constant.s 

The acidity constants are given in Table 3.9. The results can 
be summarized as follows: (i) The pK (4) of IFA/ 2FA and 4FA could 
not be calculated because the reaction is not complete even at H_17 . 

The ~CH group in 9PA is more acidic (pK 15.2) than any other acids 

' 3 . 

studied. It is due to the presence of an electron withdrawing group 

(— COOH) at position 9 and thus reduce the charge density at this 

centre. (ii) Fluorimetric titrations (Fig. 3.14) give the ground 

jf. 

state value for neutral— anion equilibrium for the acids. pK calcula- 
ted by Forster cycle method indeed has shown that —COOH group becomes 
weaker acid upon excitation, although this is not accurate as explai- 
ned below. The fluorimetric curves for this equilibrium suggest that 
the lifetimes of conjugate acid— base pair are too small to establish the 
equilibrium within the lifetimes of these species, especially when the 

concentration of proton is less. This behaviour is generally observed 

213 

for carboxylic acids . The carbonyl group of acids and esters 

becomes stronger bases in the excited state. (iii) pK^(l) for dication— 

monocation equilibrium is less than that of similar reactions of 
213 

fluorene. This is due to the presence of positive charge on carbo- 

nyl group which reduces the basicity of the molecule, (iv) Forster 
cycle method could not be employed for the prototropic reactions of 
9FA because either there is no change in the spectra or geometrical 
changes are involved in the formation of certain species . The geome- 
try change of —COOH group limits the application of Fdrster cycle 
calculation for other acids also. 



l/lo or r/Io 



Fig. 3. 14 Fluorime 
dif ferer 
1—f lucre 
panel) a 
acids (1 
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Table 3.9. Acidity Constants of Fluorenecarboxylic Acids and 
Esters for the Following Equilibria. 


Dication ^ Monocation .... 1 



Monocation 

— Neutral 

• • • • 

• » • • 

• • • • 

2 

3 

4 

INeLl L-XTo. X ”■ ■' 

^ raoricjo.nxon 

rivJii. vJ oin X QIl 

iJxa.jLlxCJli 

compound/ 

Equilibrium 

Spectroscopic 

method 

o 1 

Forster cycle method 

a f 

IFA 1 

<^-10 




2 

-4.75 

-4.6 



3 

4.0 

4.1 



4 

>16 

15.5 



4PA 1 

<-10 

-9.3 

5.9^ 

— 

2 

-4.3 

1.2 

-1.9 

- 

3 

3.0 

3.3 

4.6 

7.2 

4 

>16 

15.3 

— 

— 

2FA 1 

<-10 

-8.5 

-3 .0* 

-2.4^ 

2 

-6.0 

1.1 

0.8 

0.1 

3 

3.2 

3.4 

3.87 

8.7 

4 

>16 

14.6 

-3.2"^ 

11.8'^ 

2PE 1 

<-10 

-8.8 

-2.8^ 

-2.6 

2 

-6,1 

0.8 

0.3 

0.1 

4 

> 16 

14.3 

-1.8'^ 

-6.0'^ 

9FA 1 

-7.9 

- 8.0 



2 

- 

— 



3 

3.9 

— 



4 

15.2 

13.7 



a/ f : by using absorption and 

fluorescence data respectively. 


: ApK^ = [pK^(S^) - pK^(S^)]. 
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From the above study the following conclusions can be drawn: 

(i) The long wavelength absorption bands of 2FA and 2FE, and their 
various protonated species are long axis polarised whereas, in IFA 
and 4FA it is composed of long and short axes polarised transitions. 

(ii) The charge transfer interaction of -COOH and —COO groups with 
the parent molecule of IFA and 4FA is large in the state as compa- 
red to state, thereby making these groups more planar in the 

state. Similar interaction for 2FA is minimum in both S and S- 

o 1 

states in the non polar solvents. The —COOH group (in polar and 
protic solvents) and — C00H2^ of 2FA are coplanar in state. 

(iii) The rr electronic interaction between —COOH group and the 
fluorene ring of 9FA is minimal so long /CH 2 is not deprotonated. 

The large red shift observed in the absorption and fluorescence band 
maxima of dianion of 9PA is due to the coplanarity of —COO group 
with the fluorene moiety and the intramolecular hydrogen bonding 
from the positions 1 and 8 of fluorene moiety. 

3.3 CARBOXAMIDES ^ 

This section describes the spectral characteristics of three 
f luorenamides such as 1— f luorenamide (IFAm) , 2-f luoren amide (2FAm) 
and 4— f luorenamide (4FAm) . 

3.3.1 Solvent Study 

The absorption and fluorescence spectra of IPAm, 2PAm and 4PAm 

^ R. Manoharan and S.K. Dogra, communicated. 
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recorded in different solvents are portrayed in Fig. 3.15 and the 
relevant data are compiled in Table 3.10. 

Absorption bands of IFAm are broad and the maxima are red 
shifted in comparison to those of fluorene. Absorption spectrum of 
2FAm resembles that of fluorene in both profile and position (though 
slightly red shifted by 3-4 nm) , but for 4FAm, the long wavelength 
band is a broad one at the same position of fluorene fluorescence. The 
spectrum of 2FAm is structured in non— polar solvents, but the struct- 
ure is lost in polar solvents. On the other hand, fluorescence bands 
of IFAm and 4FAra are broad and are red shifted with respect to that 
of fluorene. Unlike absorption, fluorescence spectra are solvent 
dependent which are progressively red shifted on increasing the polar- 
ity and hydrogen bonding ability of the solvents . Absorption and 
fluorescence spectral maxima of any one amide in any one solvent are 
blue shifted with respect to the corresponding acids and the shifts are 
very large especially for IFAm in water. The nature of the transitions 
observed in all the amides are the same as observed in case of fluorene 
and the corresponding acids. This is based on the fact that (i) the 
molecular extinction coefficients of these bands are either nearly 
equal to or greater than those of fluorene molecule and (ii) fluores- 
cence emission is observed at room temperature, establishing Kasha's 
rule. Like corresponding acids, long wavelength band in IFAm and 
4FAm is composed of two differently polarised transitions. This is 
because, as -CONH 2 group is substituted along the shorter axis of the 
molecule, the short axis polarised transition (,280 nm) .gets more 
stabilized and mixes with the relatively unaffected long axis polarised 



Table 3.10. Absorption and Fluorescence Spectral 'Data of 1 PAm, 2FAm and 4FAm in Different 
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transition ( tu 300 nm) . The red shift observed in the long wavelength 
band of IFAm, in comparison to 4FAm, in any given solvent could be 
attributed to the intramolecular hydrogen bonding between the — C 0 KfIi 2 
group at position— 1 and hydrogen atoms of the position— 9. On the 
other hand, the blue shift observed for IFAm corresponding to the 
long wavelength band of IFA, indicates more favourable hydrogen bond- 
ing involving —OH group rather than — OCH^ or -NH 2 group. In the case 
of 2FAm, one would expect the long wavelength transition to be affected 
appreciably but the structured absorption spectrum indicates that — CONH 2 
group is not coplanar with the fluorene ring in the ground state. The 
small red shift of 3 to 4 nm could be due to the inductive effect of 
— CONH 2 group . 

The broad, featureless, red shifted fluorescence of IFAm and 
4FAm as compared to that of fluorene can be explained as has been done 
for the acids i.e. a complete rotation of -CONH 2 group into the plane 
of the fluorene ring takes place and this results in an enhanced reso- 
nance interaction between the two moieties. Fluorescence spectrum of 
2PAm in non— polar solvents is vibrationally resolved, which shows only 
one vibrational mode (1420 cm ^), that also appeared in the absorption 
spectrum. The mirror image symmetry observed between the absorption 
and fluorescence spectra of 2FAm in non— polar solvents indicates that 
the absorbing and emitting states are the same. The Stokes shift 
(recorded in Table 3.11) observed for 2FAm in non— polar solvent reveals 
that the geometry of the molecule in state is not very different 
from that in state. As -CONH 2 group in 2-position is free of > any 
steric interaction, one would have expected large effect on the 



Table 3.11. Stokes Shift (cm Observed for IFAm, 2FArn and 
4FAm in Different Solvents and at Various Acid 
Concentrations . 


Solvent/species 

iFAm ' 

2FAm 

4FAm 

Cyclohexane 

1360 

110 

4515 

Dioxane 

2010 

420 

5160 

Acetonitrile 

2365 

2020 

5890 

Methanol 

3540 

3310 

7470 

Water 

5570 

5120 

8470 

Monocation 

- 

6696 

— 

Dication 


4764 
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spectral transitions than other amides. But the otherwise results 
indicate that — CONH2 in 2FAm is not in the same- plane of fluo— 

rene, in both and states in non— polar solvents. The vibrational 

structure appeared in non— polar solvent is lost in polar and hydrogen 
bonding solvents . Similar to 2FA/ the large Stokes shift observed for 
2FAm in the latter solvents can not be attributed only to the simple 
solute— solvent interaction, especially when — CONH 2 group is non— planar. 
In polar and hydroxylic solvents, the following canonical structure 
may be stabilized, thereby leading to a more polar and planar structure 

\ 

NH2 

Scheme 8 

in Sj^ state and thus displays a large Stokes shift. The driving force 
behind this charge migration is the combination of transition dipole 
moment of the long wavelength transition, which is long axis polari- 
sed and the polarity of the medium. As might be expected, significant 
hydrogen bonding interaction with the solvent is better transmitted to 
the ring through coplanar form. The Stokes shift observed under the 
above environment for IFAm and 4FAm are greater than that of 2FAm in 
any one solvent. This reveals the increased charge migration from 
the ring to the amide group in S^ state. The preferential increase 
of Stokes shift for 4FAm over IFAm in one particular solvent might be 
due to the greater geometry difference between S^ and S^ states of 
4FAm than IFAm. This is consistent and can be seen from the long 
wavelength absorption band maxima of the two amides. 
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The blue shift observed in the absorption and fluorescence 
spectra of amides with respect to their acids is because of the pres- 
ence of an amino group, a better charge donor than hydroxy group at 
the carbonyl group. Due to the increased charge density at the 
carbonyl function of amide than acid group, the canonical structure (II) 
is not important in the resonance hybridization as compared to that of 
IFA. 



Scheme 9 

Amides are weakly fluorescent in non— polar and aprotic polar 

solvents. But the quantum yield is increased dramatically in hydroxy- 

lic solvents (as shown below7 scheme 10) . This kind of fluorescence 

activation by hydroxylic solvents can be explained as follows: In 

1 ^ 

presence of the above solvents, the energy gap between nn and /err 
singlet states increases. This will decrease the vibronic coupling^ 
between the two singlet states and hence reduces the Spin— Orbit coup— 

"I Q 

ling between ttk and lowest nn states, thereby prefers fluorescence 


Spin— Orbit coupling between nn and nn^ is greater than between 
^nn*^ and . vibronic coupling between the higher lying inn"^ 

introduces nrC*^ character into the lowest ^nn* state thereby facili- 
tates the interaction between state . A decrease in vibronic 

coupling removes the nrr^ character .217 
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over intersystem crossing as a means of deactivation of excited states. 

This means of fluorescence activation is preferred over the reversal of 
1 1 * . 

TTTi and nTt"'^ singlet states, as observed in ketones and aldehydes 
because it has been shown that TtTT^ is the lowest energy singlet state 
in amides and carboxylic acids. 


■o 
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Scheme 10 

3.3.2 Effect of Acid Concentration 

The absorption and fluorescence spectra of different species of 
amides are illustrated in Fig. 3.16 and the data are compiled in Table 
3.10. While the absorption spectra of amides (except 4FAm which indi- 
cates small red shift) show no prototropic equilibrium in the high 
basic medium, fluorescence intensities of amides start decreasing 
without the appearance of any new fluorescence band. All the amides 
are neutral species upto pH 1 and display progressively red shifted 
absorption spectra in the acid concentration 0 to (Fig. 3. 17 



ABSORBANCE ABSORBANCE ABSORBANCE 



225 250 275 300 325 350 375 310 330 350 370 390 410 430 450 472 



225 250 275 300 325 350 375 300 320 340 360 380 400 420 440 462 



225 250 275 300 325 350 375 360 380 400 420 440 460 480 500 

WAVELENGTH (nm) WAVELENGTH Cnm) 


Fig. 3. 16 Absorption (left panel) and fluorescence 
(right panel) spectra of different proto- 
tropic species of l—,2—, and 4— fluorena— 

mide ( neutral. — o— o- monocation. — A— - 

dication). 
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shows for a typical case of 2FAm) . This is due to the formation of 
monocation. A blue shift is noticed after 7/ indicating the format- 
ion of dication. Similarly ^ the fluorescence spectra of the monocat- 
ions of 2FAm and 4FAm are red shifted as compared to that of neutral 
species. IFAm is non- fluorescent in aqueous medium at 298K and 
fluorescent in cyclohexane +2%TFA medium. Fluorescence emission of 
monocation and dications of amides at low temperature (77 K) reveal 

that the first protonation results in a red shift and the second/ a 

blue shift in the fluorescence spectra. 

The protonation equilibria of amides are interesting because 

JL S) *1 *7 1 

of (i) their controversial protonation sites, (ii) the inappli- 

cability of H scale, and (iii) the medium effects. Two 
o 

different opinions are afloat about the site of protonation. Liler^^”^ 
has favoured the site to be Nitrogen centre. This is based on the 
fact that, (i) the hydroxide catalyzed reaction is faster than the 

hydronium ion catalyzed one"^ and (ii) the pK values for the 

cL 

prototropic reactions (<v— 2) are not consistent with the pK values 
(<u— 7) of the similar reaction of other carbonyl groups of the carbo- 
xylic acids and esters Theoretical studies have suggested 
oxygen protonation in the gas phase but find that increasing 'pyrimi— 
dization' of the NH 2 group, which might occur in solution, increases 
the nitrogen and decreases the oxygen basicity. Based on the obser- 
vations that absorption spectral changes of amides in aqueous sulfu- 
ric acid involve two processes (one a red shift with a clear isos— 

157 

bestic point and the other a progressive red shift), Liler has 
proposed the N— protonation in aqueous H2S0^ solution and 0— protonation. 



101 


as a result of tautomerization in concentrated acid solution. But 
more recently, Yates et al . identified the first change to be a 

prototropic reaction at the carbonyl oxygen, rather than at the nitro- 
gen centre of amide group and the second change to be the medium effect 
on the protonated species. Even the separation of these two changes 
has been made by these workers. 

2 1 8 

Based on the studies from our laboratory on 2— benzimidazolone 
and 3— indazolinone we speculate the protonation to be at the carbonyl 
oxygen. In the case of molecule (I) , the first protonation in aqueous 


H 



(1) H 


Scheme 11 



solution (where this structure is more stable) should have occurred at 
pH 4 and the monocation should have formed by protonating NH group 
adjacent to benzene ring. But the pK^ value observed for this react- 
ion is —2,1, This value is in the right region for carboxamides which 
proves that the protonation has occurred at the carbonyl oxygen rather 
than at group. Further, protonation of the monocation of molecule 

(I) lead to reorganization of bands resulting in benzimidazole struct- 
ure as inferred from the absorption spectrum of dication. If the pro— 
tonation had occurred at ^NH group, structural reorganization to 
have benzimidazole moiety would have also required the migration of 
proton from “NH^ to the carbonyl oxygen atom which is unfavourable 
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than simple charge migration in the case of protonation at the carbonyl 

group. Similar results also exist for molecule (II) as well as for 

21 8 

N— methyl— 2— benzimidazolone and N, N— dimethyl— 2-benzimidazolone . 

As mentioned earlier, the protonation of amides do not obey 

Hammett's acidity scale. This is stemmed from the fact that slopes of 

—log I (= — log [bh'^]/[b], where [bh"^] and [b] are the concentration of 

acid and conjugate base) Vs plot were far from unity as required by 

1 94 

Hammett's equation (section 2.2.2) . It led Yates et al. to propose 
a new acidity scale, to determine thermodynamically meaningful 
equilibrium constants. Medium effects on the acidic and/or basic 
species also result deviation from 'unit slope requirement'. Indeed, 
slopes (reported in Table 3.12) obtained by plotting —log I values Vs 
(in the range 5— 84 (w/w) H2S0^) are less than unity. This indica- 

tes that medium effect is operative in the prototropic reactions of 
amides. As described earlier, the first process (in the range 5 — 60 }^ 
(w/w) H 2 S 0 ^) with clear isosbestic poiat is the prototropic reaction and 
the second process (in the range 60—84 (w/w) H 2 S 0 ^) is the medium 

effect on the spectral characteristics of protonated species of amides 
which causes a red shift with the loss of isosbestic point. Plots 
were made by taking the experimental points witliin the range 5.8 to 
60 9^ (w/w) H 2 S 0 ^ by using both the scales that is, by neglecting the 
region where medium effect is supposed to have been observed. Plots 
of Vs —log I have given unit slopes and the calculated pK^ values 
are in good agreement with literature values when expressed in Amide 
scale. Similar plots using values did not give unit slope demons- 
trating that H scale is not valid for the protonation reactions of 


amides . 
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Table 3.12. Ground State pK of Monocation— Neutral Equilibria of 

0 . 

Amides / Using Different Data (see text) . 



1 

1 

"T 

1 




Difference in 

Compound 

1 Scale 

I 

1 

I a 

1 

1 


b 


Hydration number 
(see text) 



slope 

0.46 

Slope 

0.63 



H 







o 


-2.75 

^^^a • 

-2.15 

(n-r) = 2.25 

IFAm 


Slope 

0.68 

Slope 

0.99 

pK -1.87 









A 

P^a 

-2.25 

PK^ • 

-1.85 



2FAm 

H 

o 

Slope 

P^a 

Slope 

P^a 

0.29 

-4.1 

0.68 

-2.55 

Slope 

pK 

a 

Slope 

P^a 

0.78 

-2.25 

1 .0 

-1.97 

(n-r) 

P^a 

= 2.58 

-1.95 



Slope 

0.62 

Slope 

0.68 




H 








o 

P^a 

-3 .3 

P^a 

-2.45 

(n-r) 

= 2.16 

4FAm 









T4 

Slope 

,0.88 

Slope 

1.0 

P^a 

-2.2 



P^a 

-2.6 

P'"a' 

-2.0 




a = Considering the eqbm within the range 5.8% — 84% H2S0^ (w/w) . 
b = Within the range 5.8^^- 60%H2S0^ (w/w) . 
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219 

Lovell and Schulman have proposed that the failure of 
Hammett's acidity scale to describe the prototropic reaction of 
amides is because of the different hydration requirements of the 
prototropic reactions of the amides relative to those of the dissoci- 
ation of the primary anilines used as indicators to establish scale. 
The following equation has been derived to calculate pK values. 

cL 


Hq -log [b]/[bh’‘'] = pK^ - (n-r) log a^ 

where (n— r) is the difference in the hydration requirements as descri- 
bed above and a^ is the activity of water. The slopes as well as the 
intercepts from the plot of the magnitude in the left hand side Vs 
—log a^ have been listed in Table 3.12. The activity of water, a^ 

values were taken from a curve constructed from the data of Giauque 
220 

et al . The pK^ values obtained as the intercept of the above 

plot agree nicely with the ones calculated using scale (listed in 
Table 3.12). The slopes, (n-r) also obtained from the plots indicate 
that two fewer water molecules are involved in the dissociation react- 
ion of these three protonated amides than dissociation reaction of 

ammonium ions used in the establishment of scale. 

o 

The acidity constants in and states have been calculated 
by spectrophotometric and fluorimetric methods (titration curve shown 
in Fig, 3. 18) and are presented in the Table 3 .13. Forster cycle method 
has also been employed wherever applicable to calculate pK^ values. 

ifc 

The pK^ values obtained for the dication— monocation equilibria are 
consistent with the ring protonated reactions of fluorenecarboxylic 
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Table 3.13. Acidity Constants of Fluoren amides in the Ground and First 
Excited Singlet States. 


Equilibrium 

3^ 



( 

* {Forster cycle method 

PK_(S,)1 _ 

PK^CS^) 

; a f 

1 

av 

+2 

IFAmH^ 


IFAmH'*' + h'*' 

-8.5 



IFAidH'^ 


IF Am + h'*' 

-1.87 

* 

2.1 -0.4 7.8 

3.7 

IF Am 


lFAra“ + 

>16 

13.8 


2FAmH2^ 


2FAmH'*' + 

-8.3 

-7.8 


2FAmH''’ 


2FAm + h"^ 

-1.95 

2.0 1.6 3o3 

1 .8 

2FAm 


2FAm'' + h'*’ 

>16 

13o6 

— 

4FAmH2^ 


4FAmH‘^ + h'*’ 

-8.1 

— 


4FAmH'‘' 

. 

4FAra + h'^ 

-2.2 

¥r 

1.8 1.8 5.6 

3 .0 

4FAm 

- 

4FAm~ + 

>16 

15.3 - - 

— 


^ using low temperature spectral data 
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acids studied. The excited state dissociation constants for the mono- 
cation— neutral equilibria show that amide group becomes more basic in 
the state. The pK^ value for the di cation— monocation equilibrium 
has been calculated only for 2FAm, as the dications of other amides 
are non— fluorescent at 298 K. The results show that the rate of 
protonation is so small that the prototropic equilibrium is not 
established in state. These results are similar to that observed 
for P, IMF and 9FM. Thus similar explanation can be given. The 
decrease in the fluorescence intensity after pH 12 can not be attri- 
buted to any particular process. It may be due to either hydroxyl - 
induced fluorescence quenching or the formation of a non- fluorescent 
monoanion of the amide . 

The fluorescence quenching of monocation is in general agree— 

221 222 

ment with the reports of Watkins, and Hussain and Wyatt, The 

proton— induced fluorescence quenching rate constant could not be 

calculated for the lack of experimental lifetimes of monocation. The 

202 

Strickler— Berg equation can not be employed as the lowest energy 
transition is congested of two transitions. 

The fluorescence maxima observed for the species at 77 K are 
blue shifted with respect to the room temperature measurements indi- 
cating the minimiim solvent relaxation at low temperature . The mono- 
cations of amides which show proton— induced fluorescence quenching 
at 298 K exhibit intense fluorescence at low temperature (77 K) in 
the same acid concentrations. These results Illustrate that fluores- 
cence quenching is diffusion controlled and is thus dynamic in nature 


at room temperature 
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The fluorescence maxima of the dications are blue shifted with 
respect to the spectra of monocations indicating the resonance break 
down after the formation of dication/ as explained for the respective 
carboxylic acids. 

In conclusiony it can be said that, (i) the long wavelength 
transition of 2FAm is long axis polarised whereas those of IFAm and 
4FAm are composed of the long and short axes polarised transitions, 

(ii) the — CONH 2 group of IFAm and 4FAm are coplanar in both and 
states whereas in 2FAm it is non planar in and states in 
non polar solvents but attain coplanarity in polar and hydroxylic 
solvents# (iii) the Hammett’s acidity scale is not applicable for 
the protonation reaction of amides and medium effect is observed in 
aqueous sulfuric acid solution, (iv) amides are stronger acids on 
excitation and (v) pro ton- induced fluorescence quenching is observed 

for the monocations of the amides. 

3 .4 ALDEHYDE AND KETONES 

In this section# the effects of solvents and pH on the absorp- 
tion and fluorescence spectra of 2— f luorenaldehyde (2FA1) , 2— acetyl— 
fluorene (2 AcF) and 2— benzoylf luorene (2BeF) are described. 

3.4.1 Solvent Effect 

The absorption spectral data of 2FAl, 2 AcF and 2BeF in differ- 
ent solvents are given in Table 3.14. The long wavelength absorption 
bands of these compounds are intense# red shifted as compared to that 
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of fluorene. The absorption spectra of all these carbonyls are 

vibrationally resolved in cyclohexane. But as the polarity or hydro- 
gen bonding ability of the solvent increases, the vibrational struct- 
ure is lost while the band maxim\im is nearly unaffected. The absorpt- 
ion spectra of these carbonyls are identical in profile in any one 
solvent and in water, the band maximum of 2BeF is at longer wavelength 
and that of 2AcF is at shorter wavelength. These compounds fluoresce 
in none of the solvents employed, except water. The fluorescence 

emission in water is intense and the maxima are broad and red shifted 

147 

as compared to that of fluorene. 

As described in section 1.7, the absorption bands of fluorene 
with maxima at 300 nm and 265 nm are long axis polarised and that at 
285 nm is short axis polarised one. Further, the first vibrational 
peak of the long wavelength band is more intense than the other peaks . 
Carbonyl substituents at 2— position of fluorene are expected to impart 
substantial effect on the long axis polarised transitions than short 
axis polarised ones. Infact, the data of Table 3.14 clearly reveal 
that the long axis polarised absorption bands (300 nm and 265 nm) are 
largely red shifted such that the latter one completely mixes with 
the short axis polarised band centered at 285 nm. In effect, the 
long wavelength absorption band of 2FAl, 2 AcF and 2BeF is composed 
of three transitions i.e. the 265 hra absorption band of fluorene is 
completely displaced toward red and it may be appearing as a shoulder 
at 288 nm. The large molecular extinction coefficient value, which 
is similar to 265 nm band of fluorene also confirms this assignment. 
The loss of vibrational structure on increasing the polarity and 
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hydrogen bonding ability of the solvents can be explained on the basis 
of the increased solute— solvent interactions. As discussed earlier, 
the absorption spectra of these carbonyls are red shifted with respect 
to that of f luorene . The red shift observed is in the order 2 AcF < 
2FA1 < 2BeF which is exactly in the same order of the electron with- 
drawing ability of these groups — COCH^ < — CHO < — COPh. 

Fluorescence spectral studies show interesting phenomenon as 
is commonly observed for the aromatic carbonyls. The apparent lack 
of fluorescence of 2 fA1/ 2AcF and 2BeF in hydrocarbon and aprotic 
polar solvents constitute the best argument for an state of nn 

-K- 

type. The lowest energy triplet state of 2— acetylf luorene is of TtTt 
151 

type. Probably this might be the lowest triplet states for 2FA1 

3 1 it 3 

and 2BeP also. As the Spin— Orbit Coupling between nn and nn 

”1 ^ ^ 

states is very much greater than that between nn and nn states, 
intersystem crossing is preferred as a means of excited state deacti- 
vation for these carbonyls, in all the solvents except in water. In 

hydroxylic solvents, hydrogen bonding of the solvent with the non— 

X yf 

bonded electron pairs of the carbonyl group raises the energy of nn 

state while the polarising effect of hydrogen bonding and the gross 

1 ^ 

dielectric properties of solvents lower the energy of nu state to 
the point where it becomes the lowest excited singlet state, favour- 
ing fluorescence over intersystem crossing as a means of deactivation 

1 

of state. So it may be concluded that nn is the lowest energy 

X 

transition in non— polar solvents whereas nn is the lowest energy 
transition in water. Since the molecular extinction coefficient of 
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niT transition is generally very small/ it appears that it is over— 

1 

lapped by the strong rcrt one. 

The large Stokes shift ( w 7000 cm observed for these car^ 
bonyls as compared to that of fluorene (1100 cm ) in water can not 
be explained by simple substituent effect alone, so it is probable 
that these substituents attain coplanarity with the fluorene ring 
upon excitation. This geometry relaxation' stabilizes the dipolar 
structure (ll) in the state, resulting a highly Stokes shifted 
fluorescence emission from all the carbonyls studied. 



Scheme 12 

3.4.2 Effect of Acid Concentration 

Fig. 3.19 to 3.21 represent the absorption and fluorescence 
spectra of different species of 2FA1, 2 AcF and 2BeF respectively. 

The pertinent data are reported in Table 3.14. All the carbonyls 
studied behave similarly in the acid concentrations. In the region 
pH 3 to pH 14, carbonyls exist as neutral species both in S^ and 
states. The absorption spectra exhibit progressive red shift with 
increase in the concentration of acid and at 5, a highly red 
shifted, broad band is appeared. This change indicates the formation 
of monocations. On increasing the acid concentration further, a red 
shifted absorption band starts appearing and its intensity reaches 
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Fig. 3. 19 Absorption (upper panel) and fluorescence 
(lower panel) spectra of different proto- 
tropic species of 2— f luorenaldehyde . 

( - neutral, — O — □ — monocation, --A — 

dication,- — — monocation in cyclohexane 
medium) . 
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Pig. 3. 20 Absorption (upper panel) and fluorescence (lower 
panel) spectra of different prototropic species 

of^2-acetylfluorene. ( neutral, — O— o- mono- 

cation, --A — A-- dication, monocation in 

cyclohexane medium) . 
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Fig. 3. 21 Absorption (upper panel) and fluorescence (lower panel) 
spectra of different prototropic species of 2— benzoyl- 

fluorene. ( neutral, — P — □— monocation, --A--A-- 

dication, — — — monocation in cyclohexane medium) . 
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saturation value at 8. After 8, the spectra are continuously 
blue shifted even upto 10. Due to the poor solubility of 2BeF, 
the above study was carried out in 20Xethanolic solution. In the 
basic region at H_ 15, all the carbonyls get precipitated out. The 
intensity -of fluorescence spectra of the neutral species of 2PAl, 

2AcF and 2BeF is decreased continuously on increasing the acid concen- 
tration from pH 3, without the appearance of any new fluorescence 
band. Fluorescence is completely absent at 3 but after 4, a 
new red shifted fluorescence band appears and tl'ie intensity is 
increased upto 8. Like absorption, fluorescence spectra are also 

blue shifted in the acid concentration H —9 and H —10. 

o o 

If rr -*■ 7T transition is the lowest energy transition, protona— 
tion on carbonyls results red shift in the electronic spectra. As 
mentioned earlier, the lowest energy transition in these carbonyls 
is of JI7T type in water. The data in Table 3.14 indicate that mono- 
cation species of these carbonyls are formed by the protonation at 
the oxygen centre. The large red shift observed for monocation as 
compared to neutral species, can not be explained by simple proto- 
nation. It seems that subsequent to protonation, charge reorgani- 
zation takes place resulting in more stable canonical structures. 

In the carbonyls studied, the monocation of 2BeF show large red shift 
and it might be due to more effective stabilization of the carbonium 
ion, (shown in page 118) - 

During the study on a series of substituted acetophenones, 

221 

Stewart and Yates noticed interesting feature in the plots of, 
difference in the molecular extinction coefficient of ionized and 
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unionized species, Vs Wliile, p— methoxyacetophenone 

gave sigmoid titration -like curve, 2— acetylf luorene and p-phenyl— 
acetophenone showed two inflection points one at —5.5 and the other 



Ph 


Scheme 13 

St “9 (as shown in Fig. 3.22) . These results, they interpreted as 

the result of large increase in the molecular extinction coefficient 

in going from unionized to ionized form of these compounds . It was 

also proposed that in 96 K (w/w) H 2 S 0 ^, 2— acetylf luorene exist as a 

monocation and the absorption maximum of this monocation of 2AcF was 

reported to be 379 nm. But the systematic study on the prototropic 

reactions of 2 AcF shows that the species at 96 ‘/,{-w/w) H2S0^ is infact 

the dication and the absorption maximum is exactly the same as that of 

221 

the reported species by Stewart and Yates . At this acid concen- 

tration, the carbonyls exist as dications rather than monocation. 

This is consistent with the observation that 2FA (section 3.2.2) and 
2FAm (section 3.3.2) also exist as dications at this acid concen- 
tration. From our studies, it is also clear that the inflection 

221 

noticed by Stewart and Yates is not because of a large change in 
the molecular extinction coefficients but the formation of dications. 
Thus at -9, the dications are formed by protonating the carbonyl 

group and the ring. The blue shift observed in the' absorption and 



»») X 10 
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fluorescence spectra is consistent with those of 2 fa and 2FAm and 
can be explained on the same lines (section 3 . 2.2 and 3 . 3.2 
respectively) . 

In accord with carbonyl protonation, fluorescence spectra of 
carbonyls also result in red shift on first protonation. Fluores- 
cence intensity of the neutral species is quenched prior to the 
formation of monocations. This is attributed to proton— induced 

fluorescence quenching of neutral species because the same amount 
—2 

of SO^ (which present in this region), added with the addition of 
K 2 SO 4 , do not quench the fluorescence of the monocation. Proton- 
induced fluorescence quenching constant could not be calculated as 
the long wavelength absorption bands of all these carbonyls are compo- 
sed of more than one transitions. 

The absorption and fluorescence spectral changes observed for 
different prototropic species of 2 fa1/ 2FAc and 2BeF are exactly 
similar to those of 2FA and 2FAm. 

3.4.3 Dissociation Constants 

Like aromatic carboxamides, these carbonyls also show interes- 
ting features in their protonation reactions: (i) Medium effect is 
observed in the prototropic reactions of carbonyls, (ii) Hammett's 
acidity function (H^) fails to describe the prototropic behaviour 

of aldehydes and ketones. It has been observed by Bonner and 
193 

Phillips that the plot of Vs —log I for benzophenones do not 
give unit slope as rec[uired by Hammett equation (section 2.2.2) . 
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This failure of Hammett's scale to describe the prototropic behavi- 
our of benzophenones led these workers to propose a new acidity scale, 
which uses a set of substituted benzophenones as indicators . Thermo- 
dynamically meaningful pK values can be obtained by using this 
acidity function and the values obtained for 2FA1, 2AcF and 2BeF are 
shown in the Table 3.15. The slopes have been calculated after the 
correction for medium effect is made. The medium effect can be 

reasonably corrected by reading absorbance values at X , characteri— 

193 

sties of each medium rather than at a fixed wavelength for all media. 
The unit slope obtained for 2FA1, 2AcP and 2BeF clearly indicate that 
Benzophenone Hammett's scale is valid for all these carbonyls. The 
trend observed in the pK values of these is in good agreement with 

3 

those of 2-benzaldehyde (—7.4), 2-acetophenone (-6.5) and 2— benzo- 
phenone (—5.7).^^ 

As the fluorescence of neutral species of carbonyls is quenched 
prior to the formation of monocation, pK for this equilibrium has been 

3 

obtained from the formation curves of monocation (Pig. 3 .23 ; Table 3.16) 

This gives the ground state pK^ values for all the carbonyls. As 

222 

pointed out by Ireland and Wyatt, this might be due to the fact 
that proton— induced fluorescence quenching of the neutral species 
is so efficient at this acid concentration that ' 'excited monocation 
is not formed in the encounter^ this could amount to a case of a non— 
adiabatic reaction in which electronic energy is lost during the 
transfer of a proton to the excited base' ' . The same explanation 
can be given for these compounds also. Though nothing can be said 
conclusively from our study, it may be pointed out that the proton— 
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Table 3.15o Acidity Constants of Mono cation— Neutral Equilibrium. 


Compound 


H scale 
o 

(Benzophenone scale) 

2 FAl 

Slope 

0.54 

1.04 


P^a 

-7o3 

-6.5 

2 AcF 

Slope 

0.59 

1.00 


P^a 

-6.2 

-5.6 

2 BeF 

Slope 

0.56 

0.95 


P^a 

-6.4 

-5.2 


Table 3.16. Acidity Constants of 2FA1/ 2AcF and 2BeF: 

Determined by Absorptiometric and Fluorimetric 

Titrations. 

Equilibrium 

2PA1 

2AcF 2BeF 

PK, (s) 
a. o 

Monocation— Neutral 

-6.5 

-5.6 -5.2 

PK^CS^) 

-6.6 

-5.7 -6.2 

pK (S, ) represent apparent 
a X 

established in the 

values because 

state (see 

equilibrium is not 
text) . 
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induced fluorescence quenching of the neutral carbonyls is solvent 
dependent. It is well known that the carbonyls become strongly basic 
on excitation and this monocation fluorescence band can be observed 
in 2 (v/v) TFA + cyclohexane medium. This acidity of TFA in cyclo- 

hexane amounts to protonate the carbonyl group in the excited singlet 
state. Our results (Table 3.14) also show that the red shifted 
fluorescence of the carbonyls in cyclohexane + 2 (v/v) TFA is because 

of the carbonyl protonated monocations. If the proton-induced fluo- 
rescence quenching had not been solvent dependent one would not have 
observed fluorescence band for the monocations in non— polar medium 
as the similar band is absent in water for the same acidity. 

The ground and excited state dissociation constants for 
dication— monocation equilibrium can not be calculated because the 
prbtotropic reactions are not complete. 

From this study, it can be concluded thati (i) The long wave- 
length absorption band of 2FA1, 2AcF and 2BeF is composed of three 

transitions. (ii) The lack of fluorescence from these carbonyls is 
1 ^ 

because, n7X is the lowest energy transition in all the solvents 
employed except water. (iii) Literature anomaly regarding the 
assignment of species is removed i.e. at 96% H2S0^ medium, 2 AcF exist 
as dication, not the monocation. (iv) Hammett's acidity function 
fails to describe the prototropic behaviour of carbonyls hence benzo- 
phenone Hammett's acidity scale is used to get thermodynamic pK 

■ 0 . 

values. (v) The neutral species of these carbonyls undergo proton- 
induced fluorescence quenching. 



CHAPTER- IV 


EFFECTS OF SOLVENTS AND pH ON THE 
ELECTRONIC SPECTRA OF 2^7-DIAMINO - 
FLUORENE AND RELATED DIAMINES 

Spectral characteristics of bifunctional molecules having 

electron donating and electron withdrawing groups have been studied 
. 2,78 

extensively. Similar studies on molecules having both either 

179-183 

electron donating groups or electron withdrawing groups are scarce. 

For example/ during the prototropic reactions of 9/ 10-phenanthroline/ 

179 

Schulman et al. have noticed red shifts in absorption spectra on 
each protonation (a normal trend) but the fluorescence spectrum follow- 
ed an anomalous behaviour i.e. a large red shift was followed by a 
blue shift on protonations. This has been explained by the fact that 
large solvent relaxation is observed in case of monocation in S^ state 
as compared to that for dication. This kind of behaviour led us to 
cariry out the systematic study on molecules containing both electron 
donating groups. Six molecules have been selected i.e. 2/7— diamino— 
fluorene/ 2/ 3-diaminonaphthalene/ o— / m-/ p— phenylenediamines and 
9/ 10— diaminophenanthrene. The results and discussion on the effect 
of solvent and pH on the absorption and fluorescence spectra of these 
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molecules are presented in this chapter. Depending upon the parent 
molecule/ these have been discussed in four sections. 

4.1 2 , 7-DIAMINOFLUORENE ^ 

4.1.1 Effect of Solvent 

The absorption and fluorescence spectra of DAF in different 

solvents are depicted in Fig. 4,1 and the pertinent data are compiled 

146 

in Table 4.1. As compared to fluorene, the absorption maxima of 
all the bands of DAF are largely red shifted in any one particular 
solvent (300 to 340 nm, 264 to 290 nra) . The long wavelength absorp- 
tion band is unresolved whereas the middle one is structured in less 
polar solvents but in more polar solvents all the bands become broad 
and diffuse. The absorption spectrum is red shifted upon moving from 
cyclohexane to acetonitrile but blue shifted in methanol and water 
as solvents. On the other hand/ fluorescence spectrum is a large 
red shifted broad band/ as compared to the structured fluorescence 

147 

spectrum of fluorene. Starting from cyclohexane as one goes to 

water, the fluorescence spectrum is recfularly red shifted and the 
quantum yield is unaffected in these solvents, except in water. 

In DAF, as both the amino groups are present along the long 
axis of fluorene molecule, the interaction will be maximxim with the 
ring and hence the long axis polarised transitions will be affected 
much more than the short axis polarised ones. It is observed that 


^ R. Manoharan and S.K. Dogra, Can. J. Ghem., 2013 (1987) . 
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Table 4.1(contd.) 


1 

2 

3 

Water (pH 8) 

328.5(3.79) 

289.5(4.38) 

207 (4.59) 

395(0.03) 

Monocation (pH 4) 

317.5(3.86) 

289.5(4.26) 

202.5(4.47) 

410(0.42) 

Dication (H —4) 
o 

297 (3.93) 

300(0.07) 


(s)290 (3.75) 

285.5(3.81) 

(s)275 (3.94) 

(s)270 (4.12) 

310 


262 (4.29) 



(s)252.5(4.25) 

(s)2l7.5(4.08) 



€ is in cubic decimeters per mole per centimeter 
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the long wavelength band is structureless and red shifted as compared 

146 

to that of fluorene. Though a bathochromic shift is observed in 

A) 260 nra band system of fluorene/ it is vibrationally structured in 

non— polar solvents but it is lost in more polar solvents/ indicating 

the strong solute— solvent interaction. The absorption spectral shifts 

of DAF in more polar or hydrogen bonding solvents are consistent with 

223 224 

the characteristic behaviour of the amino or hydroxy groups i.e. 
amino group acts as a proton donor to proton acceptor solvents and 
preferably as a proton acceptor if the solvent possess both proton 
donor and acceptor properties/ in state. Ether is acting as a 
proton acceptor/ acetonitrile a dispersive/ whereas methanol and 
water as proton donors. In the state/ since the charge migration 
increases from — NH 2 group to the ring/ it reduces the charge density 
at the nitrogen atom and thus behaves as a proton donor. This is 
further manifested from the increased acidity of — NH 2 group on exci- 
tation (vide infra) . The increase in Stokes shift with an increase 
in the polarity or hydrogen bonding ability of the solvents indicates 
that the dipole moment of the molecule increases upon excitation. The 
decrease in the fluorescence quantum yield of the neutral DAF in 
water suggests that the strong interactions with water might increase 

43 

the rate of radiationless process. 

4,1.2 Effect of Acid Concentration 

Pig. 4.2 depicts the absorption and fluorescence spectra of the 
different prototropic species of DAF and the relevant data are listed , 
in Table 4.1, The absorption spectrum of DAF is blue shifted near 
pH 5/ indicating the formation of a monocation by protonating one of 
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the amino groups, and a further blue shift noticed at 4 suggests 

the formation of a dication by protonating the second amino group 

also. This is confirmed by their spectral resemblance with 2— amino— 

1.^2 146 

fluorene and fluorene respectively. No further change is 

noticed even at 10. In the basic region at H__ 16, a red shift is 

noted only in the long wavelength absorption band which corresponds 

to the formation of a monoanion by deprotonating ~NH 2 group rather 

than This can be rationalized on the basis that only 

the long axis polarised transition is affected and secondly the 

expected pK value of the deprotonation reaction of — NH^ group nicely 

223 

agreeswith the literature values ( rolG) , whereas that of CH 2 in 
fluorene is close to 22. 

The effect of pH >12 on the fluorescence spectra suggests the 

formation of a non -fluorescent monoanion (deprotonation of — NH 2 group) . 

The pK value calculated from the fluorimetric titration curve is 
^ a 

13.9 which is in agreement with the literature report that — NH 2 group 

116 1^2^ 

becomes strongly acidic on excitation. ' In the weakly basic 

medium, the neutral species of DAF is weakly fluorescent (395 nm) . 

On increasing the acid concentration, the intensity of 395 nm band 
decreases while an intense red shifted. (410 nm) fluorescence is 
obsejrved. Again, the intensity of 410 nm band decreases nearly to 
lOy, of its maximum value at pH 0.5, when a large blue shifted, stru- 
ctured band appeared at 310 nm. This blue shifted band attains the 
maximum fluorescence intensity by —4, but a further increase of 
acidity, decreases the intensity without resulting in any new fluores- 
cence band. The fluorescence spectra with maxima at 410 nm and 310 
nm correspond to monocation and dication species respectively. This 
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assignment is based on their spectral similarities to those of 

152 147 

2— aminof luorene and fluorene respectively » These species are 

further confirmed by getting the excitation spectral profiles/ moni- 
tored at the above mentioned emission maxima/ which are identical 
with the absorption spectra of the species present in state. 

Acidity constants of DAF in and states have been calcula- 
ted and are listed in Table 4.2. The pK values for the monocation— 

8 . 

neutral equilibrium/ pK (2) and the dication— monocation equilibrium/ 

oL 

pK (3) are 5.8 and 3.6 respectively. The literature values for the 

O. 

143 

same equilibria are 4,96 and 3.6 respectively. Since the latter 

values have been determined in 10 "/% (v/v) ethanol— water solution/ these 
can not be compared with our data. The pK (2) value is higher and 
the pK^(3) is lower than that observed for the aromatic amine proto- 
nation (f^4.5) . This increased basicity of these amino groups as 
compared to aromatic monoamines can be explained from the following 
Canonical structure/ i.e. at any one particular moment, the charge 



Scheme 1 

density at one of the amino groups will be more than that of the 
other, but on average the charge density will be equal at both of 
the amino groups. This is because of their locations at symmetrical 
positions in fluorene ring. Once one of the amino groups is 
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Table 4.2. Acidity constants of 2,7— DAP in the Ground and First 
Excited Singlet State. 


Equilibrium 

r 

1 

1 

1 

1 

t 

1 

- - 1 

pK 
^ a 

“T 

1 

• it 

1 d 

1 

i ^ 

1 ^ 

; pK (Forster cycle) 

1 a 

i a f 

.1.- - - 

av 

DAP 

"X 

dap" + 

>16 

13.9 


— 

daph'*' 

''C 

DAP + 

• 

00 

5.3 

3.6 7.7 

5,7 

daph^ 

-d 

daph'*' + h'*' 

3.6 

-3 .0 

-1.0 -12.9 

-6.9' 


a, f — from absorption and fluorescence data respectively, 
av — average of a and f . 


Table 4.3. Prototropic Species of 2,7— DAP in Cyclohexane. 


Medivim 


X 

a 



Cyclohexane 334 

299 

283 

262 

Cyclohexane + 0.001 Vo TPA 305 

292 

275 

260 

Cyclohexane + 2 TPA 298 

289 

285 

262 


369 


324 


305 


135 


protonated/ the presence of — NH^ group decreases the charge density 
at the other amino group, resulting in a very low pK (3) value. 

cL 

The pK^ values obtained by various methods do not agree. The 

Forster cycle method using absorption data shows the normal trend in 
■¥r 

pK (2) value, i.e. — becomes more acidic upon excitation, but 
fluorescence spectra predict otherwise. Fluorimetric titration 
method has given the ground state pK value. In general, protonat- 

3 . 

ion on aromatic amines give blue shift in both absorption and fluores— 

^ lift 

cence spectra if tt 7I is the lowest energy transition. While 

the absorption spectral change conforms this, fluorescence spectrum 
of the monocation of DAF is anomalously red shifted. Because of 
this, Forster cycle calculations using absorption and fluorescence 
data predict the opposite trends in the basicity of DAF. The evalua- 
tion of the ground state pK^(2) from the fluorimetric titration infers 
that the relative lifetimes of neutral and monocation must be too 
short for the proton transfer to occur appreciably within their life- 
times, especially at very low proton concentration. 

The anomaly in the fluorescence spectrum of the monocation can 
be explained as follows. In general, charge migration from the amino 
group to the aromatic ring increases on excitation. In the case of 
monocation of DAF, this charge migration from the second amino group 
at position— 7 of the fluorene ring will be fecilitated by the presence 
of positive charge on group. This charge migration in the mono- 

cation will be more than that present in the case of neutral. This 
charge transfer increases the dipole moment of the monocation in the 
state. Due to this, the relaxation energy of the solvent cage 
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from the configuration to the equilibrium excited state configura- 
tion might be so much greater for the monocation such that the blue 
shift, which one would normally expect for the protonation reaction 
of amino group is out weighed by the solvent stabilization of mono- 
cation. This results a red shift in the fluorscence spectrum of the 
monocation as compared to neutral species. In the case of dication, 
since both the lone pairs of the amino groups are protonated they can 
not perturb the n electron cloud of the fluorene molecule. Thus the 
spectral profile resembles with that of the parent fluorene molecule. 

The above explanation for the monocation can be verified, if 
the monocation spectrum is recorded in non— polar medium, for example 
cyclohexane, where the solvent relaxation is negligible. In fact, 
the data of Table 4,3 reaffirm, the above point. The absorption 
spectra of the monocation and the dication obtained by adding differ- 
ent amounts of trif luoroacetic acid (TFA) in cyclohexane match with 
those obtained in aqueous H 2 S 0 ^ acid, whereas the fluorescence spectra 
are different. The results obtained in the fluorescence measurements 
are similar to the normal behaviour of the aromatic amines, thereby 
confirming the above explanation i.e. a blue shift (324 nm) is obser- 
ved for the fluorescence spectrum of monocation of DAF. The greater 
polarity of the monocation can further be proved from the Stokes shift 
observed in non— polar and polar media. For example, in cyclohexane 

the Stokes shifts of neutral, monocation and dication species are 

—1 —1 —1 

2670 cm , 1920 cm and 770 cm respectively, whereas in water 

—1 —1 —1 

these are 5120 cm , 7100 cm and 340 cm respectively. The large 

" 4 * 

discrepancy between the Stokes shift for DAFH in cyclohexane and 
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water must be due to the solvent relaxation because, the change in 

solvent can not change the vibrational relaxation to such a large 

extent. Further, the large Stokes shift for DAFh"^ in water suggests 

that this species is stabilized in state much more than in 

state, relative to the species with which it is in prototropic equili— 

179 

brium. Thus, as suggested by Schulman et al. the Forster cycle 
method using the average of absorption and fluorescence maxima will 
not be useful for this equilibrium, 

Fluorimetric titration between the monocation and dication 
equilibrium shows no correspondance between the decrease and increase 
in the fluorescence intensities of monocation and dication species 
respectively. This is due to the proton— induced fluorescence quench- 
ing of the monocation before it is being protonated to form dication. 
Due to this, the pK (3) value is calculated from the formation curve 

Si 

of the dication (Fig. 4.3) and the value indicates that the dication 

is more acidic in the state. Forster cycle calculations using 

fluorescence data do not yield reasonable value because of the unusual 

red shift in the monocation fluorescence and thus should not be consi— 

it 

dered seriously. Since monoanion of DAF is non— fluorescent, the pK^^ 
for the neutral-monoanion equilibrium is determined from the decrease 
in the fluorescence intensity of the neutral species and is listed 
in Table 4,2. The value agrees with the similar behaviour of other 
aromatic amines and indicates that “NH 2 group becomes stronger acid 


on excitation. 
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4.1,3 Proton— Induced Fluorescence Quenching 

The lack of correspondance between the decrease and increase 
in the fluorescence intensities of raonocation and dication respecti- 
vely is attributed to proton— induced fluorescence quenching. This 
_2 

is because SO^ ion concentration (produced by the addition of K 2 S 0 ^) 

equivalent to that obtained by the addition of H 2 S 0 ^, do not quench 

the fluorescence of raonocation. The model suggested by Shizuka 

et al. can be transformed into a simple Stern— Volmer equation 

under the conditions that the lifetime of monocation is smaller than 

that of dication and the concentration of H is too small to have any 

backward protonation reaction (section 2.2,4), stern— Volmer quenching 

constant has been obtained from Stern -Volmer plot (shown in Fig. 

4.4) and natural lifetime, calculated from appropriate absorption 

envelope and corrected fluorescence spectra using Strickler— Berg 

equation. The value of k (3.6 x 10 dm mol s ) obtained from 

K and 'Sh (= X 0J.) is less than that of k generally observed 

sv f FM f q ^ 

9 3 ““1 128 

for the neutral amines (<vlo dm mol s ) . This is due to the 

positive charge already present on the molecule. 

It can be concluded that the anomalous red shift of monocation 
as compared to the neutral is due to the large solvent relaxation in 
S^ state. Thus the fluorescence data can not be used to calculate 
pK values for both the prototropic equilibria by Fb'rster cycle 

cL 

method. 

The unusual behaviour observed in the fluorescence spectrum of 
the monocation of DAF stimulated our interest in the diamino compounds . 
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The further study was carried out in some other structurally related 
diamines and are discussed in the following sections. 

^*2 2 , 3-DIAMINONAPHTHALENE ^ 

'^•2.1 Solvent Study 

The absorption and fluorescence spectra of DAN recorded in 
different solvents are shown in Fig. 4,5 and the relevant data are 
entered in Table 4.4, The absorption and fluorescence spectra of the 
neutral species of DAN and 2— aminonaphthalene (2AN) are also depic- 
ted in Fig. 4.6 for comparison. The absorption band maxima of DAN 
and 2AN are similar except that the molar extinction coefficient of 
the long wavelength band of DAN is nearly twice that of 2AN. Unlike 
the broad long wavelength band of 2AN, vibrational structure (960 + 

40 cm is noticed for DAN and the band becomes diffuse in most of 
the polar solvents used. Like any other aromatic amine, absorption 
spectrum of DAN is red shifted on increasing the polarity of the 

solvents but blue shifted in hydroxylic solvents. The fluorescence 

—1 

spectra, with vibrational structure ( 950 cm ) observed only in 
cyclohexane are broad and regularly red shifted in the above solvent 
environments. Further, the fluorescence maximum of DAN in water 
(384 nm) is at short wavelength than that obseived for 2AN (414 nm) , 

Molecular model depicted below clearly indicates that both of 
the amino groups are present along the axis which will affect the long 


^R. Manoharan and S.K. Dogra, communicated. 




Cyclohexane 

Ether 

Acetonitrile 



^^9 


o c 

CNI 

vT 


(sjiun /^jDJjiqJV) 


o a 
c — ' 
o >_ 

-C O 


// 

//J, 

//rl 

,'iU 


^ I 

(VJ C 
OO ^ 

X 

H- 

O 
o X 

S ^ 

Cr> 

LU. 
in > 


v^- 



4“ ro 

D 6 

33NVadOS9V 



2,3 DAN 







Table 4.4 


Absorption and Fluorescence Spectral Data of 2,3 -DAlN 
in Different Solvents and at Various Acid Goncentrations 



X , (log ^ ) 

ab ^ max 


1 

2 

3 

Cyclohexane 

337.5 



330 



327.5 

362 


300 

375 ( 0 . 42 ) 


238 



276.5 



241.0 


Ether 

341.4(3.77) 



328.5 (3 .61) 

290 (3.59) 

371 (0.57) 


280 (3.62) 
245.8(4.72) 


Acetonitrile 

343.4 (3.76) 

329.3(3.63) 



292.5(3 o59) 

281.0(3.62) 

246.8(4.71) 

374(0.56) 

Methanol 

340.5(3.71) 



326.0(3.62) 



288o5(3.59) 

277.5(3.60) 

245.0(4,70)' 

377 (0.54) 


. .contd. 
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Table 4,4(Gontd.) 


1 

2 

3 


Neutral (pH 7) 

335 (3.60) 




(sh)324 (3.47) 




287.5(3.53) 

384(0.64) 



273.5(3.58) 

235.0(4.66) 

^370 


Monocation (pH 2.0) 

332.5(3.34) 

288 (3.53) 

400(0.91) 



272.5(3.69) 

^390 



267.5(3.63) 

231.2(4.62) 

^395 


Dication (H -7) 
o 

315 (2.73) 

301 (3.02) 

(s)288.5(3.43) 

358 

344(0-037) 

a 

360(s) 

354 


279 (3.59) 

_ 

341 


266.5(3.57) 

329 

328(s) 


(s)256.0(3.43) 

318 

325 


221 (4.7 ) 

314 

314 

Monoanion (H_ 15) ■ 

345 (3.53) 

315 (3.64) 

247.5(4.06) 

228 (4.37) 

486(0.27) 


Dianion (H_ 16.5) 

. ■ 

400( - ) 



a — at 77 K* b - in cyclohexane + 0.01 'XtfA medium^ 


■5^ Ground state equilibrium is not complete at this basic condition, 
because pK >16. Absorption data are for the absorption spectrum 
of DAN at ^th is basic condition. 
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wavelength transition (^A — > more than the short axis polarised 

( A — ► L ) one. But it appears from the data of Table 4.4 that the 

3l 


*-Q 



Scheme 2 

two amino groups are twisted with respect to the naphthalene ring. 

This conclusion is based on the following facts: (i) If the amino 

groups are in the plane of the naphthalene ring, one would have obsei^- 

ved the absorption and fluorescence maxima of DAN at longer wavelength 

than those of 2AN . This observation indicates that the net effect of 

the two amino groups on the absorption spectrum of naphthalene is of 

about eqpial degree to that of the one amino group in 2 AN, whereas 

the similar effect on the fluorescence spectrum is even less than that 

of the amino group is 2 an. This comparison is really valid because of 

the similarity of their band shapes, as is clear from the Figure 4.6. 

For DAN and 2AN, the full band width at half maximum of absorption 

3 —1 3 “1 3 

and fluorescence spectra are (3 .0 x 10 cm , 3 .5 x 10 cm ; 3 .2 x 10 

_-l 3 — 1 

cm , 3 .0 X 10 cm respectively) nearly equal. The increase in the 
molar extinction coefficient of only the band results from an 

increase in the dipolar length of DAN along the long axis. (ii) The 
vibrational structure appeared in the absorption spectrum would have 
been absent, because in 2AN, the long wavelength band is really a 
broad one. (iii) Though the solvent interaction is observed with DAN, 
the presence of vibrational structure even in water proves that the 
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lone pairs are not perturbing the H— electron cloud of the naphthalene 

ring very much, (iv) The fluorescence spectrum of DAN in cyclohexane 

1 

displays a vibrational mode ( (O 950 cm ) which appear in the long 
wavelength absorption spectra. This mirror image symmetry between 
the fluorescence and long wavelength absorption bands demonstrate 
that the emitting and absorbing states are the same i.e. 

(v) Similar behaviour i.e. the lack of additive effect on the spect- 
ral shifts and appearance of vibrational structure are also observed 

225 

in the case of 2~hydroxy and 2— methoxy— 3—naphthylamines indicating 

that the hydroxy or methoxy and the amino groups are twisted with 
respect to the naphthalene ring. 

The solvent study indicates that DAN acts as a proton acceptor 
in state and proton donor in S^ state. It can be explained as has 
been done for other diamines. The loss of vibrational structure in 
the fluorescence spectrum with increasing solvent polarity is due to 
their increased interaction in the state. 

4.2.2 Effect of Acid Concentration 

The absorption and fluorescence spectra of DAN at different 
acid concentration are portrayed in Fig. 4.7 and the data are tabula- 
ted in Table 4.4. At pH 2/ the long wavelength absorption band is 
slightly blue shifted and the middle band ( ^ 288 nm) is not affected 
much. This species is assigned to a monocation , formed by protonating 
one of the amino groups, because the long wavelength band of monocat— 
ion is nearly same as that of 2AN (334 nm, 2AN; 333 nm, DANH'*') . With 
a further increase in the acid concentration (H^ —6), the absorption 



Monocalion(pH 2) 
Dicalion (Hq-7} 
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spectrum is largely blue shifted and the profile exactly resembles 

226 

that of naphthalene in position and intensity. This indicates the 
formation of dication by protonating both of the amino groups. At 
H_ 15/ the red shift noticed in the spectrum might indicate the 
appearance of a monoanion formed by deprotonating — NH 2 group. But 
this equilibrium is not complete even at H_ 17/ the highly basic 
medium employed. 

The various prototropic species involved in the excited singlet 
state are the same as obtained in state but the fluorescence spect- 
ral behaviour of the monocation is different. The fluorescence spect- 
rum of the monocation of DAN is red shifted/ which is anomalous in 
comparison to the behaviour of aromatic amines but similar to that 

observed for 2/7— di amino fluorene , The fluorescence spectrum of the 

•~2 

monocation recorded in cyclohexane containing 1 x 10 (v/v) TFA as 

well as at low temperature (77 K, aqueous H2S0^ medium) are also red 
shifted compared to that of the neutral species (375 nm to 395 nm in 
cyclohexane medium and 370 nm to 390 nm in low temperature solid 
glass) . Since this is at variance with the results of monocation of 
DAF in non— polar medium, the red shifted fluorescence of the mono- 
cation can not be attributed to the solvent relaxation as has been 
done in the case of DAF. So it forces us to look for an entirely 
different explanation to account for the red shift in the fluorescence 
spectra, on first protonation of DAN. Comparing the fluorescence 
spectra of the neutral species of DAN and 2AN the spectrum of DAN is 
at shorter wavelength (384 nm) as compared to thet of 2 an (414 nm) 
because the amino groups are twisted with respect to the naphthalene 
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ring and thus have minimum repulsion between the lone pairs of adja- 
cent amino groups. This behaviour can be explained as follows: The 
protonation of one of the amino groups will remove the lone pair of 
— NH^ group. Due to this it may be possible that repulsion between 
the two groups may decrease and thus the fluorescence spectrum should 
resemble that of 2AN species. As said earlier, the fluorescence 
spectrum of neutral 2AN is red shifted as compared to neutral DAN, 
hence the fluorescence spectrum of the monocation of DAN will be red 
shifted to that of neutral DAN. This red shifted fluorescence could 
be partly due to solvent relaxation of the monocation and partly to 
the rotation of the two groups (— NH 2 / — NH^) . But the rotation of the 
groups to become coplanar with the naphthalene ring is still not 
completed effectively in state as (DANH^) is still lower than 


X 


max 


(2AN) . 


Similar to other aromatic diamines studied, fluorescence inten- 
sity of the monocation is decreased on increasing the acid concen- 
tration, without the appearance of any new band, eventhough the 
dication is formed in state. Only after —4, a highly blue 
shifted naphthalene like fluorescence is observed, due to the forma- 
tion of dication by protonating both of the amino groups. In basic 
solution (H_ 14), a large red shifted fluorescence band is observed 
and can be assigned to the monoanion of DAN. The fluorescence spect- 
rum of the monoanion is also blue shifted (480 nm) in comparison to 
the monoanion of 2 an (520 nm) and thus a similar explanation is 
plausible as described in the case of monocation of DAN. At H_ 16.5, 
a very large blue shifted fluorescence (400 nm) is noticed at the 
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expense of 480 nm band and it is at the same position as that observed 

235 

for 2 an under the same basic conditions. This spectral change 

is attributed to the formation of dianion by deprotonating one of the 

amino groups and an aromatic centre. The second deprotonation is 

speculated to be from the aromatic ring rather than second amino 

group because similar deprotonation has been proposed for 2AN on the 

basis of the results of deprotonation reaction of N/ N '—dimethyl— 2— 

227 

naphthylamine which lack dissociable amino protons. 

4,2.3 Acidity Constants 

The ground and excited state pK values for the following proto— 

cL 

tropic reactions have been determined and are compiled in Table 4.5. 

danh'*' + h'*’ ... (1) 

DAN + ... (2) 

dan” + ... (3) 

A smaller pK (2) value for DAN (3.4) than for the similar reaction of 

a 

2AN (4.1) may be due to the steric hindrance provided by the adjacent 
amino groups. A similar effect is also observed in the case of 
o— phenylenediamine and 9, 10— diaminophenanthrene (section 4.3 and 4.4) 
but not in m— and p— phenylenediamines and DAF, where these amino 
groups are separated. The values of pK (1) and pK (3) are consistent 
with the values for aromatic amines. The Forster cycle method do not 
yield reasonable value of pK^^d) and pK^(2) because of the geometry 


+2 1 

DANH^ ^ 

^ ^ 


-1 


DANH 


-2 


DAN 
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Table 4.5. Acidity Constants of DAN in the Ground and 
First Excited Singlet States. 


Equilibrium 


PK^(S^) 

+2 

danhJ . 


danh"^ + 

0.7 

-5.3 

danh"^ 

^ 

dan + 

3.4 

^3.35 








— + 



dan 


DAN 4- H 

>16 

12.9 


^apparent value o 


Table 4.6. Lifetime of Monocation at Different Acid 
Concentration. 


pH 

'C (ns) 

2.0 

17.4 

• 

CD 

17.1 

1.1 

17.4 

0.2 

18.0 
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changes accompanying in the prototropic reactions. Fluoriraetric 
titration curves (Fig. 4.8) of the monocation and neutral species 
give the ground state value / indicating that the prototropic equili- 
brium is not established in state. This suggests that there is 
no interconversion between DAN and DANH^ during the lifetime of 
the excited states. Further, the observation of the same inflection 
points for the fluorimetric titrations of monocation and neutral 
species clearly indicates that no proton— induced fluorescence quench- 
ing of neutral DAN takes place. This observation is unusual because 

223 

this phenomenon is generally observed for the aromatic amines 
prior to the protonation. This is due to the fact that the decay 

8 ” “f* 

rate of DAN ((\;2 x 10 s ■^) is faster than k_ 2 [H'^] at concentration 

—4 —3 

of proton around 10 to 10 M. Because at this concentration of 

r -f- “j 0 *y 

acid, the value of k_ 2 LH J would be 10 to 10 s assuming that k _2 
is equal to the diffusion controlled rate constant ( oJ 10 M s ) . 
Similar behaviour has also been observed in other compounds (vide 
infra) . As mentioned earlier, proton— induced fluorescence quenching 
was observed for DANH , so pK (l) was calculated from the formation 

d. 

+2 - 1-2 
curve of DANH 2 and found to be —5.3, clearly indicating that DANH 2 

is stronger acid in S. state. Similarly the pK (3), calculated 

JL 3L 

from the fluorimetric titrations (Fig. 4.8) is found to be 12.9 show- 
ing that the amino group becomes stronger acid on excitation. This 
is consistent with the similar results obtained for aromatic amines. 
The equilibrium constant for monoanion— dianion equilibrium can not be 
deteimiined because the formation of species is not complete even at 
H 17, the highly basic medium used. 
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4.2.4 Fluorescence Lifetimes 

The fluorescence decay functions of the neutral and monocation 
species of DAN have been measured by a Picosecond Time Resolved Single 
Photon Counting method. The decay function of neutral at pH 8 follows 
single exponential with a lifetime of 5.7 ns (excited at 320 nm, moni- 
tored at 384 nm) . Similarly the single exponential fluorescence decay 
function (excited at 320 nm monitored at 400 nm) measured for DANH'*’ 
at different pH (varying from 0.7 to 2) shows that the lifetime of 

17.4 ns is independent of proton concentration (Table 4,6* a typical 
single exponential fluorescence decay of monocation is shown in Fig. 
4.9) . As pointed out by Schulman, the fluorimetric titration 
curves give the ground state pK value if the pseudo first order 

3 . 

dissociation rate of an excited acid or protonation of an excited 
base is small ( <i?lO%) in comparison with the reciprocal lifetimes of 
the excited acid or base and the rate of protonation of the excited 
conjugate base (b_ 2 [H’^]) or the deprotonation of the excited conju- 
gate acid is small ( 10 ‘/‘) in comparison with the reciprocal lifetime 

of the excited conjugate base or acid. As discussed earlier, since 
the prototropic equilibrium between DANH^ and DAN is not established 
during the lifetimes of the excited states of conjugate acid— base 
pairs, it suggests that k 2 < 5 x 10 s and similarly k_2LH J < 

1 X 10® s“^. 

4,2,5 Proton— Induced Fluorescence Quenching 

Similar to DAF, the lack of correspondance between the increase 
of the fluorescence intensity of dication and decrease of fluorescence 



100.00 I ‘^ 0.00 ? 00.00 ?‘ j 0.00 300 00 

^fi2,L0C CO 


3 so. 00 


v^iiO-OO liOO.OO 


Fig. 4. 9 Fluorescence decay of the monocation of 
2# 3— diaminonaphthalene . The residuals 
and autocorrelation function were deter- 
mined for a single exponential decay of 
17.4 ns (X2 = 0.14) . 
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intensity of monocation is attributed to proton— induced fluorescence 
quenching of the monocation. Model proposed (as shown below) by 


[oANH^^j [daN^h] 


H3O" 



DANH2^ + H 2 O 



Scheme 3 

1 22d 

Shizuka et al. is also valid in this case and the complete equat- 

ion can be reduced to the simple Stern— Volmer ec[uation, under the 
conditions that lifetime of the monocation is small and the concen- 
tration of the proton is too small to have any backward reaction. 

The k’ 'C value for the monocation was obtained from Stern— Volmer 

q 

plot (Fig. 4.10) . From the value of 17.4 ns) and k‘ 'Z i= 1 .27M 

7 —1 — T 

k^ is found to be 7.2 x 10 M s . This value is very small compa- 
red to that obtained for neutral amines and it is because of the 
presence of a positive charge on this species. 

Table 4.6 lists the lifetimes of DANH"^ at various acid concen- 
tration. It is clear from the data that lifetimes are unaffected by 
the change of acid concentration and thus indicates that proton- 
induced fluorescence quenching is of static in nature. This is 
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further substantiated by the fact that the difference between 

K (= k’ , the Stern— Volmer constant and the association constant 
sv q 

Hh "I" 

(K_^) of DANH with H is not very large. This may be explained as 

follows: The pK^(l) for DANH 2 — DANH equilibrium is 0,7, thus 

the existence of both the species are possible in state in the 

+2 

pH range 0.7— 2.0. Since DANH 2 is a stronger acid in state, it 

Hh “4“ 

will dissociate into DANH and H upon excitation. But it seems 
that before the proton comes out of the encounter complex, it quen— 
ches the fluorescence of DANH , i.e. the proton with the solvated 
atmosphere does not have to diffuse to the fluorophore. This pheno- 
menon may be related to local effects. 

It can be concluded that, solvent and pH effects on the absoir- 

ption and fluorescence spectra have clearly shown that both the amino 

groups are twisted with respect to the naphthalene moiety. The ground 

state pK value is observed from the fluorimetric titrations of the 
a 

monocation and neutral species, indicating that the pseudo first order 
dissociation rate constant of the acid is < 1 x 10° s . No proton- 
induced fluorescence quenching of DAN is observed prior to the for- 
mation of DANh'*'. This is due to the fact that the decay rate of 

■K' S 1 

DAN ( ro 2 X 10 s ) is faster than the proton quenching rate of 

/ p -I **~3 ■*“4 

k iH^O at concentrations of acid around 10 — 10 M. On the other 

q 3 ^ 

hand the proton— induced fluorescence quenching rate constant for 
DANH"*” ^ is found to be 7 .2 x. 10^ M which is quite small compared 

to that observed for other neutral aromatic amines. This is due to 
the presence of positive charge on the ring. 
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ISOMERIC PHENYLENEDIAMINES ^ 

4*3.1 Effect of Solvents 

The absorption and fluorescence spectral data of o— phenylene— 

diamine (oPA) / m— phenylenediamine (mPA) and p— phenylenediamine (pPA) 

in different solvents are presented in Table 4 .7 and the spectra are 

displayed in Fig. 4.11 to 4.13. The data indicate that the long 

wavelength absorption bands are intense# broad and largely red shifted 

228 

as compared to the well known structured band systems of benzene. 

The increase in the molecular extinction coefficients of phenylene— 
diamines is due to the presence of amino groups. These groups reduce 
the symmetry of the benzene molecule and thereby allowing the transi- 
tions which are forbidden on symmetry considerations. The loss in 
structure in any one solvent is due to the strong interaction of the 
amino groups with the Tt— electron cloud of the benzene ring. 

The trend in shifts of the absorption and fluorescence spectra 

of phenylened famines in solvents are exactly similar to those observed 

223 

for any aromatic amine and those of DAF and DAN. The spectral 
shifts in different solvents can be rationalized on the same basis as 
has been done for DAF and DAN# i.e. these compounds act as proton 
donors in ether and acetonitrile whereas# as proton acceptors in 
methanol and water in state but proton donors in all the solvents 
in state. This is evident from the data of Table 4 .7 . 

The Stokes shift (Table 4.8) observed for these amines is mini- 
m;im for mPA (2630 cm ) and nearly equal for oPA and pPA (4180 cm # 


®R. Manoharan and S.K. Dogra# Bull. Chem. Soc. Jpn.# in press. 
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Table 4.7. Absorption and Fluorescence Spectral Data of Phenylenediamines in Different Solvents 
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—1 

Table 4.8. Stokes Shifts (cm ) Observed for Phenylenedxamines rn 
Different Solvents at Various pH. 



oPA 

mPA 

pPA 

Cyclohexane 

4180 

2625 

4200 

Ether 

5440 

2730 

5000 

Acetonitrile 

5480 

2940 

5380 

Methanol 

5900 

■ 4070 

7200 

Water 

- 

_ 

_ 

Monocation 

5860 

5990 

6290 

Dication 

1950 

1800 

1800 


Table 4,9. Acidity Constants 

and First Excited 

of Phenylenediamines in the 

Singlet State. 

Ground 

Equilibrium 


pK 

a 

pK^(Si)^ 

PK^(E,)' 

OPA 

Dication - Monocation 

1.86 

1.2 

-5.2 

-5.2 

Monocation — Neutral 

4.65 

4.5 

4.3 

2.4 

mPA 

Dication — Monocation 

1.89 

2.0 

-6.9 

-3 .8 

Monocation— Neutral 

4.86 

4.8 

4.9 

3.1 

pPA 

Dication — Monocation 

2.54 

2.4 

-5.1 

■A- 

-5.9 

Monocation — Neutral 

6.11 

6.1 

6.2 

lo3 


^from Ref. 2327 ^present study7 ^y fluorimetric titration^ 
^^Forster cycle using absorption data 7 apparent value. 
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(from 8, depending on particular diamine) the absorption spectra 
of all the diamines are blue shifted and on further increase of acid 
concentration, these bands are further blue shifted to give structured 
spectra. These two changes can be assigned to the formation of a 
monocation by protonating one of the amino groups and a dication by 
protonating both of the amino groups. This assignment of the spect- 
ral changes are based on their spectral similarities with those of 
230 223 

aniline and benzene respectively. The absorption spectra of 
oPA and mPA start red shifting after H_ 15 and that of pPA after 
pH 13 . This is in agreement with the deprotonation of the amino 

223 

group at this basic condition. 

The neutral species of all the diamines are non— fluorescent 
in water. The fluorescence spectral behaviour of all the species 
are the same as those in the state. That is, the species formed 
by protonating the lone pair of the amino groups are assigned to mono- 
cation and dication. These assignments have been made on the basis 

230 228 

of their spectral resemblance with those of aniline and benzene 

respectively. The fluorescence spectra of the dication of all the 

diamines are not structured as observed for benzene molecule, and it 

might be due to stronger interaction with such a highly ionic medium. 

No fluorescence is observed from the monoanion even upto H_ 17, which 

is consistent with the earlier results that monoanions formed by 

179 

deprotonating the amino groups are generally non-fluore scent with 
.231 

a few exceptions . 



168 


4.3.3 Dissociation Const-ants 

Dissociation constants in S state of the dication— monocation 

o 

and monocation— neutral equilibria have been calculated spectrophoto— 
metrically and are compiled in Table 4.9. The values are in good 

232 

agreement with the literature values within the experimental errors. 
The pK value of monocation neutral equilibria of mPA is almost the 

9L 

Oo *3 

same and that of oPA is little smaller than that of aniline (4.66). 
This can be rationalized as followsJ Since the amino group is an 
electron donating group and it is o— and p— directing, it will not 
alter the electron densities at the other amino group in the case of 
mPA but the expected increase in charge densities of the — NH 2 group 
of oPA may be counter balanced by the steric hindrance. The same 
behaviour has also been noticed in the case of 2, 3— diaminonaphthalene 
as explained in the previous section. The high basicity of pPA as 
compared to aniline and other phenylenediamines is due to the presence 
of the two amino' groups in the para position that favours the exchange 
of charge densities between the amino groups. This behaviour is simi- 
lar to that noticed for the first protonation reaction of 2,7— diamino— 
fluorene where both the amino groups are in para extended conjugated 
position. The monocations of the isomeric diamines are less basic, 
as expected, than aniline because of the presence of group. 

The pK values for the above mentioned equilibria have been 

3 . ' 

calculated f luorimetrically and by employing Forster cycle method. 

The values are reported in Table 4.9. The values for the monocation 
and neutral equilibria have been calculated from the formation curve 
of the raonocations, as the neutral species are non-fluorescent . The 
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f Itioriinetxic titrations (shown in Fig. 4.14) have given the ground 
state pK values. This behaviour is anomalous and hot commonly 
observed during the protonation of aromatic amines. In general, 
proton— induced fluorescence quenching of. the neutral eimine is obser- 
ved prior to its protonation. The prime condition for this fluores- 
cence quenching is that the emitting state should be of charge trans- 
fer in character. The effect of solvents on the fluorescence spectra 
of these amines show that emitting states are of charge transfer t 3 fpe 
and still no quenching is noticed. This can be further confirmed 

from the ground state pK value observed from the fluorimetric titra— 

a. 

tion. If this quenching is observed, the calculated pK would be 

a 

different from the ground state pK^ value. The similar . results have 

130 

also been observed for 4-(9-anthryl)-N,N'-dimethylaniline and 
2, 3-diaminonaphthalene (section 4.2.4 and 4.2,5). In these cases it 
has been proved that the absence of excited state equilibrium between 
the monocation and neutral species is because of the short lifetimes 
of the conjugate acid-base pair. The similar explanation can also 
be given in case of the first protonation of the phenylenediaraines . 
Because of this, fluorescence intensities of monocations reflect the 
ground state concentration of the species in this pH range. Forster 
cycle method using only the absorption data (as neutral is non— fluore- 
scent) has indeed revealed that amino groups become stronger acids 
on excitation. .. 

In the dication— monocation equilibrium, the fluorescence of 
monocation is quenched in the pH region where the dication is present 
in the S state and not in the S. state. The dications start emitting 
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only below H — 4 « This decrease of monocation fluorescence with— 
o 

out an appearance of the dication fluorescence is attributed to the 
proton— induced fluorescence quenching. The pK value, obtained 

3 . 

+ 

from the formation curve of the dication indicate that — NH^ group 

is a stronger acid in state than in state, consistent with 

our earlier results. The pK values calculated from the Forster 

a 

cycle method using absorption and fluorescence data do not agree 
with each other. This is because of, (i) difficulty in locating the 
0—0 transition of two species and (ii) the solvent relaxation for 
the monocation in the state is very large in comparison to that 
observed for the dication. This can be seen from the Stokes shift 
observed for the monocation (0^5900 cm and the dication ( CO 1900 
cm ^) . 

4.3.4 Proton— Induced Fluorescence Quenching 

Like in DAF and DAN, the lack of correspondance between the 

decrease and increase in the fluorescence intensities of the mono- 

cation and dication respectively is attributed to proton— induced 

fluorescence quenching of the monocations. The ^ values have been 

obtained from Stern— Volmer plots (shown in Fig. 4.15) . The natural 

lifetimes have been calculated from appropriate absorption bands and 

corrected fluorescence spectra of the monocations by employing 

202 

Strickler-Berg relation. To the first approximation, assuming 

that the monocations of diamines behave like aniline, the for 

the monocation of oPA, mPA and pPA (35 ns, 39 ns and 45 ns respecti- 
vely) are comparable with the experimentally obtained 


of aniline 
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Fig. 4. 15 Stern-Volmer plots for proton- induced fluorescence 
quenching of the monocation species of o— .m-, and 
p-phenylenediamines . 


Table 4,10. Proton Transfer Kinetic Data of Monocations of 
Phenylenediamines 


Compound 

k X 

q 

FM 



k 

q 

oPA 

0.63 

35 

0.05 

1 .7 

3 X 10® 

mPA 

45 

39 

0.03 

1 .1 

4 X 10^° 

pPA 

128 

45 

0.02 

0.9 

2 X 10^^ 
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230 

in ethanol o The difference in T is due to the difference in their 

quantum yields. The smallest value of 'Tl (= 

large interaction with the solvent molecules and it can be manifested 
by a large Stokes shift observed for this species. A large increase 
in k^ values (reported in Table 4.10) from oPA and pPA can not be 
rationalized from our data, however it may be speculated that steric 
factor may be playing a role in the proton- induced fluorescence 
process. Though the Stokes shift observed for the monocation of pPA 
is maximum but do not differ so much from other monocation if energy 
of the state has to do anything for this quenching. 

This study has revealed that, (i) the amino groups of pPA and 
oPA are not coplanar with benzene ring, (ii) a large value of pK for 
the raonocation— neutral equilibrium of pPA is due to the increased 
charge densities of the amino groups as they are in conjugated positi- 
ons. But the low value for oPA shows the role of the steric factor. 
Fluorimetric titration curves have indicated that the lifetimes of 
the monocation— neutral pair are quite short to allow the establishment 
of acid— base equilibria in the excited singlet state. 

4.4 9, lO-DIAMINOPHENANTHRENE ^ 

4.4.1 Solvent Effect 

Fig. 4.16 illustrates the absorption and fluorescence spectra 
of 9, 10— diaminophenanthrene (DAP) in different solvents. The absorp- 
tion spectral data reported in Table 4,11 clearly indicate that the 

Q. ' ' 

R. Manoharan and S.K. Dogra, communicated. 
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Table 4.11, Absorption and Fluorescence Maxima (nm) , log 6 and 

max 

0^ of 9, 10— Diaminophenanthrene in Different Solvents 
and at Various Proton Concentrations, 


Solvent/ 

species 

1 oL 

1 

I 

(log e ) 

^ max 

! ^'f 

t 

1 

(0f) 

1 

* 2 

3 

4 

: 5 

6 

Cyclohexane 

408 

333 

274 

422,438 



384 

324 

260 

(0.07) 





253 



Ether 

— 






395 

333 

277(4.23) 

431 



(3.15) 

(4.05) 

270(4.20) 

418 

492(0.04) 




259(4.32) 

405 

485^ 

Acetonitrile 

400 

332 

274(4.27) 

434 



(3.10) 

(4.05) 

270(4.36) 

420 

511(0.02) 




258(4.53) 

408 

490^ 

Methanol 

388 

328 

275(4.16) 

430 



(2.9 ) 

(3.91) 

270(4.22) 

416 

522(0.01) 




256(4.30) 

406 

475^ 

Water pH 7 

383 

323 

275(4.21) 



(Neutral) 

(3.13) 

(3.96) 

260(4 .45) 

— 

448®- 


contd . 
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Table 4.11(contd.) 


1 

2 

3 

4 

5 

6 

Monocation 

421 

303 

252 


430(0.02) 

pH 1 

408 

(3 .35) 

(4.36) 

- 

400,425^ 


396 




410^ 


385 




405^^ 


374 






360 





Dication 

348 

299 

252 

-- 

390 

H -6 
o 

(3.15) 

(3.56) 

(4.25) 


368(0.31) 


337 

288 

246 


354 


(3.22) 

(3.53) 

(4.19) 


343/359,380,390^ 


332 

278 





(3.26) 

(3.67) 






265 






(3.91) 




Monoanion 

395 

330 

248 

— 

410 

(H 16) 


304 

227 




a = 77 K/ b = cyclohexane + 0.5y<.(v/v) trif luoroacebic acidj 
c = 0.75M ¥ 12 ^ 0 ^ in methanol. 
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spectrum consists of three band systems. The long wavelength band 

centered at 400 nm is broad and less structured (with vibrational 

frequency of 730 + 30 cm ^ in cyclohexane) as compared to that of 
234 

phenanthrene . The short wavelength band which is centered at 

275 nm is structured in all the solvents employed. The shifts 
observed in the absorption spectra, on increasing the polarity of 
the solvents are the same as noted for other diamines studied. 

Fluorescence spectrum of DAP shows dual fluorescence in all 

the solvents except cyclohexane where only one band is observed. 

This dual fluorescence was verified by subjecting DAP into rigorous 

purification (vacuum sublimation and repeated recrystallization) and 

purging the solution with oxygen free nitrogen. The normal Stokes 

shifted band is nicely structured with the vibrational frequency of 
—1 

720 + 20 cm and the largely Stokes shifted fluorescence is a broad 
band. As one goes from cyclohexane to water, the abnormal Stokes 
shifted band gets red shifted whereas the normal Stokes shifted band 
remains unaffected. The decrease in fluorescence quantum yield of 
the abnormal Stokes shifted band is more than that observed for short 
wavelength fluorescence band. DAP is non- fluorescent in water. 

The absorption spectrum of phenanthrene comprises of three band 

systems, that is, a long axis polarised, structured band (a band, 

vibrational frequency 705 cm ) at 340 nm, a moderately structured 

_1 

short axis polarised band (para, vibrational frequency 1320 cm ) at 
290 nm and a composite short w.avelength band ( 0 ) near 250 nm. The 
positions of amino groups in DAP (along short axis of the molecule 
as shown below) are such that, these groups will perturb the para 
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band- more profoundly than a and 0 bands. From the data of Table 
4,11, it is concluded that the long wavelength absorption band is 



Scheme 4 

still the a band for DAP. This is based on the following results 

(i) The molar extinction coefficient and the vibrational structure 
3 3 ■“! “1 

(1.2 X 10 dm mol cm , 730 + 30 cm respectively) are close to 

3 3 — — 2 . —1 

those of phenanthrene (0.4 x 10 dm mol cm and 705 cm respecti- 
vely) . The increase in the molar extinction coefficient of a band 
of phenanthrene in DAP is because of the presence of amino groups 
which increase the dipolar length of the transition moment integral 
of this transition. (ii) Though the difference between the a band 
and para bands is ro 56 nm for phenanthrene spectrum^ it is clear from 
the Fig. 4.16 that 400 nm band appear as shoulder to 335 nm band 
system. The loss in the vibrational structure of a and para bands 
indicates the increased interaction of amino groups with phenanthrene 
moiety. Spectral shifts can be rationalized as has been done for 
other diamines. 

From the data of Table 4.11, the normal Stokes shifted fluores— /- 

■ 1 . . ^ 
cence band is assigned to a transition from state. This is beca- 

use the vibrational frequency observed for this emission ( aj 750 cm ^) 
agrees with that noticed in the absorption spectra. This mirror 
image relationship between the long wavelength absorption band and 
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the short wavelength fluorescence band shows that the states involved 
in the absorption and fluorescence spectra are the same ( Lj^) . More 
evidences for this assignment will be discussed below. We assign 
the abnormally Stokes shifted long wavelength fluorescence band to 
an emission from state. This assignment is based on the follow- 
ing facts 5 (i) The fluorescence excitation spectra have been recorded 

(shown in Fig. 4.17) in ether and acetonitrile as solvents. The 
fluorescence excitation spectra recorded at long wavelength possess 
a small peak at 400 nm, but the vibrational progression present in 
the absorption band is absent and the most intense band is near 
350 nm, agreeing with transition. On the other hand the floures— 

cence excitation spectrum recorded at short wavelength band is vibra— 
tionally resolved, with similar vibrational frequency as noticed in 
the long wavelength absorption spectrum. This spectrum does not 
contain the 350 nra band which arises out of transition. The mix— 

3L 

ing of the small absorbance of 400 nm band in the former fluorescence 


excitation spectrum might be due to the mixing of these two transiti- 
ons in the absorption spectrum of DAP. (ii) Electronically excited 
state is generally more polar than the state. The preferen— 

cial red shift and the decrease in the fluorescence intensity of the 


long wavelength fluorescence band over the short wavelength one, on 


increasing the solvent polarity demonstrates that the former band 

1 ' »■ ' 

originates from the state. (iii) DAP in cyclohexane — TFA medium 

1 

also reveals the more polar nature of the L state. The cyclohexane 

'9L ' 

solution containing, TFA upto 0.02 %(v/v) produce a blue shift in the 

1 1 

band but band gets red shifted as observed in the absorption 
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spectrum of DAP in aqueous H^SO^ solution. But the fluorescence 

spectrum contains both the band systems and the red shift in the 

abnormal Stokes shifted fluorescence band increased with increase in 

TFA concentration upto 0,02% (v/v) (Table 4.12). This is because 

TFA makes cyclohexane more polar and stabilizes the state more 

1 

than L, one. This is further manifested from the absence of fluo— 
b 

rescence in cyclohexane + 0.2'/,TPA medium, which may have a similar 
polarity and hydrogen bond forming capacity as water. 

4.4.2 Effect of Acid Concentration 

Fig. 4.18 represents the absorption and fluorescence spectra 
of the various prototropic species of DAP at different acid concen- 
tration and the relevant data are presented in Table 4.11. With the 
decrease of pH (<^2), the long wavelength absorption band become 
structured and red shifted, whereas the middle bands (303 nm and 

125a 

252 nm) follow blue shift to match with that of 9— phenanthrylaraine . 

This change is due to the formation of monocation by protonating one 

of the amino groups. With further increase in acid concentration, 

absorption and fluorescence spectra are highly blue shifted and their 

223 

profiles exactly resemble those of phenanthrene . These changes 

in S and S. are due to the formation of dication as a result of 
o 1 

protonating both of the amino groups of DAP. In the high basic 
region above pH 14, a red shift in the absorption spectrum of DAP is 
observed and continued upto H_ 17, indicating that the neutral-mono— 
anion equilibrium is not complete at this highly basic medium. A new 
fluorescence band ( fd410 nm) appeared at H_ 15, attain maximum in 
intensity at H_ 17. 
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Table 4.12. Absorption and Fluorescence Band Maxima of DAP in 
Cyclohexane + Different Amount of Trif luoroacetic 
Acid (TFA) . 


^ tfa 

(v/v) 

i 

1 

t 

1 

1 

1 

X (nm) 
a 


j 

1 

1 

1 

1 

1 

- 1- 

X^ (nm) 
f 

0.00 

408 

333 

274 


438 


384 

324 

268 


422 




253 



0.001 

408 


287 


442 


396 

309 

277 


430 494 


385 




416 


375 




410 


365 






348 





0.002 

408 


288 


442 


396 

312 

277 


430 502 


385 




416 


375 




410 


341 





0.02 

408 


286 


430 502 


396 

320 



416 


385 

300 



400 


375 






350 






341 





CM 

• 

O 

357 




Nonf luorescent 


340 

325 






312 




1 .0 





410 
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Similar to earlier studies on the diamino compounds/ the 
different prototropic species of DAP can be identified by the chan- 
ges observed in the spectral features and comparing the spectral 
characteristics of these species with the prototype molecules. 

Though the formation of the monocation is confirmed in the state 
for DAP/ the appearance of a red shifted/ structured long wavelength 
absorption band could not be attributed from our results. Further 

this absorption band system also does not resemble with that of 

235 

9— aminophenanthrene. Since the neutral species as well as the 

monocation of DAF is non— fluorescent in aqueous medium, the fluores- 
cence band observed at H_ 15 is difficult to explain. The non— fluo- 
rescent nature of — NH species is a common feature with few a 
231 

exceptions. However/ the 410 nm fluorescence band can be assigned 

to dianion formed by deprotonating one of the amino groups and the 
ring hydrogen atom. This is based on following facts: (i) Amino 
group is stronger acid in state as compared to an aromatic proton 
and the pK value generally observed is ro 13 . (ii) A similar fluo— 

cL 

rescence band is also observed for 9— phenanthrylaraine/ ' 1—/ 

2 — naphthylamines/^^"^'^^^ N/ N '-dimethyl 1 — , 2 — naphthylamines^^*^ and 

DAN and (iii) pK value for this reaction is 14.5/ which closely 

a 

235 

resembles with that observed for 2— naphthylamine and N/N'— dimethyl— 

227 

2— naphthylamine o 

4.4.3 Acidity Constants 

The pK values of various prototropic reactions are listed in 

■ ' . , 'CL . 

Table 4.13. The pK value (3.5) for the monocation-neutral equili- 

3 . 

brium is much lower than that generally observed for aromatic amines. 
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Table 4.13. pK^ Values of Various Prototropic Reactions in 
and States . 


Equilibrium 


1 1 

i pK i_ 


pK’^ 

a 




, a 1 

1 1 

1 _ 1 - 

abs 

fiu 

ft 

Dication - 

Monocation 

0.25 

-10.2 

-4.7 

-4.2 

Monocation— 

Neutral 

3.5 

8.4 

— 

3 .3^ 

Monoanion - 

Dianion 

>16 

— 

— 

14.5 

pK values 

a 

using Forster 

cycle method 

and absorption 

and 

fluorescence 

data . 






ft = fluorimetrie titration, 
a = apparent value. 
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But this value is equal to that of DAN (section 4.2.3) and oPA 
(section 4.3.3)/ indicating that steric factors might be playing a 
role in their protonation reactions. Similar is the case for 
dication— monocation equilibrium. The pK values have been deter- 
mined with fluorimetric titrations (Fig. 4.19), The pK value for 
dication— monocation equilibrium shows that dication is more acidic 
in state. The fluorimetric titration curves give the ground state 
pK value for the monocation— neutral equilibrium, indicating that 

3L 

prototropic equilibrium is not established within the short life- 
times of the acid— base pairs in the excited state . Nevertheless, 
the pK value calculated by Forster cycle method using low tempera— 

3L 

ture (77 K) data has shown that ammonium ion becomes stronger acid 
on excitation in state. 

The lack of response between the decrease and Increase in the 

fluorescence intensities of monocation and dication is attributed to 

the proton- induced fluorescence quenching. As it has been done for 

other diamines, the quenching rate constant, k^ was calculated from 

Stern— Volmer constant, K (obtained from the plot 4,20) and the life— 

sv 

time of the monocation. The natural lifetime was calculated by using 

an appropriate absorption envelope and the corrected fluorescence 

7 3 

spectra. The quenching rate constant was found to be 2 x 10 dm mol 
— 1 

s . This very low value as compared to that for the neutral amine 
is expected because of the presence of a positive charge on the 
monocation. 

The following conclusion are made from the above study; 

(i) Dual fluorescence is observed in polar solvents. Large Stokes 
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shifted band originates from state and the normal Stokes shifted 

Q. 

1 

band from state. (ii) Similar to other diamines the prototropic 

equilibrium is not established in S^ state might be due to the 
shorter lifetimes of the conjugate acid— base pair. (iii) Smaller 
value of k^ observed for the proton— induced fluorescence quenching 
of monocation is due to the presence of positive charge on the 
molecule . 



CONCLUSIONS 


In the chapters HI and IV, the effects of solvents and acid 
concentration on the absorption and fluorescence spectra of substi- 
tuted fluorenes, 2, 7— diaminof luorene and a few structurally related 
diamines have been discussed. Based on the above study, the follow- 
ing conclusions have been drawn. 


(i) There is no significant interaction of the methyl group at 
position— 1 and — CH 2 OH group at position— 9 with the fluorene 
ring. These molecules undergo proton— induced fluorescence 
quenching similar to naphthalene analogues. Prototropic 
equilibrium between the monocation— neutral species is not 
established during the lifetimes of the conjugate acid— base 
pairs. This indicates that the rate of protonation is slower 
than the rate of fluorescence decay. 


(ii) 


( iii) 


Except 2— f luorenealdehyde, 2— acetyl fluorene and 2— benzoyl— 
fluorene, Tt -♦ 7l is the lowest energy transitions in all the 
fluorene derivatives studied. In the former set of molecules, 
n -*■ n is the lowest energy transition in non— polar and polar 
but aprotic solvents. But in water, re -* n is the longest wave- 
length transition. Similar to earlier results the substitution 
of H atom of —C:^ group by —OH, — OCH^ and — NH^ group shifts 
the n -> Ti transition to blue region. 

The substituents (— C , R = —OH, — OCH^, “NH 2 ) at 1— and 

Sr 

4 — positions of fluorene are better conjugated in the state 
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than in the S state i.e. the coplanarity of the -C ^ group 

OR 

with the fluorene ring increases upon excitation. The present 
study indicates that 1— substituents seem to be better conju- 
gated than 4— substituents because of the possible intramole- 
cular hydrogen bonding between the 1— substituent and hydrogen 
atom of the methylene group at position— 9, The lowest energy 
transition is a mixture of long and short axes polarised 
transitions in these molecules. 

The same substituents at position— 2 of fluorene are 

non— planar in S and S. states in non— polar solvents. But 
o 1 

these groups attain coplanarity in polar and protic solvents. 
The lowest energy transition is long axis polarised one. 

In the case of fluorene— 9— carboxylic acid, the 7T— elect- 
ronic interaction between the substituent and fluorene ring 
is negligibly small, so long 9— methylene group is not deproto— 
nated. 

(iv) Amides follow acidity scale, 2— fluorene aldehyde, 2— acetyl— 

fluorene and 2— benzoylf luorene follow benzophenone acidity 

scale, whereas all other molecules follow the Hammett's acidity 

scale for the prototropic reactions. The relation between the 

Hammett's H function and H. has revealed that difference 
o A 

between the two acidity scales is because of the different 
hydration requirements of the prototropic reactions of the 
carboxamides relative to the hydration requirements of the 
dissociations of the primary amines used as indicators to 
establish the H scale. 
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(v) 


(vi) 


(vii) 


(viii) 


(ix) 


The site of protonation in amides is the carbonyl oxygen and 
the medium effect is observed on the absorption spectrum of 
monocation. 

The dissociation constants / determined in S and states 

demonstrate that — C ^ group becomes more basic on excitation. 

R 

All the diamines in state act as proton donors in polar 
and aprotic solvents but proton acceptors in the hydroxyl ic 
solvents , whereas in state, diamines act as proton donors 
in all the solvents. These groups become more acidic upon 
excitation to . 

Fluorimetric titration for monocation— neutral equilibrium of 
diamines give ground state pK^ values. Proton -induced fluores- 
cence quenching is observed for monocation prior to the forma- 
tion of dication. 

The monocation of 2,7— di amino fluorene experiences a greater 
solvent relaxation than the neutral species. In case of 2,3— 
diarainonaphthalene, both the amino groups are twisted with 
respect to the naphthalene moiety. Lifetime measurements for 
the neutral 2, 3— Diaminonaphthalene have indicated that the 
rate of proton— induced fluorescence quenching of neutral 
species is less than that of its radiative decay. The similar 
study on its monocation indicates that the proton— induced 
fluorescence quenching is static in nature. 

The — NH 2 groups in o- and p— phenylenediamines are non— coplanar 
with respect to benzene ring, both in and states. 


(x) 
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(xi) Dual fluorescence is observed for 9, lO-diaminophenanthrene » 

The abnormally large Stokes shifted fluorescence is from a 

more polar state and the normal fluorescence is from a 

a 

relatively less polar state. 

(xii) The pK values for the diamines, where the two amino groups 

8l 

are close to each other, are less than that for the similar 
reaction of mono aromatic aniines . This has been rationalized 


on the basis of steric factors 
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FUTURE PROSPECTS 

In the present study, only a qualitative assignment of the 
coplanarity of functional groups with the parent ring has been made. 
But with the advent of jet cooled spectroscopy, actual geometry of 
these molecules can be explored both in and states . Except 
for 2, 3— diaminonaphthalene, for other compounds, proton— induced 
fluorescence quenching rate constants have been determined with the 
knowledge of theoretical lifetimes. An accurate value of quenching 
rate constants can be obtained by employing time dependent fluores- 
cence spectroscopic methods. Further, this study will also reveal 
whether the fluorescence quenching is static or dynamic. pK values 

3 . 

for the various prototropic reactions have been determined either 
from fluorimetric titrations or using Forster cycle method. Better 
and more accurate values of pK can be calculated using time depen— 
dent f luorimeters . As mentioned earlier, f luorene derivatives have 
tremendous significance in biology. Some of these are also used as 
probes in the studies of chemical carcinogenesis in mammalian cell 
culture. In the light of this, the above prototropic studies can 
be extended into biomime tic systems. Infact, little study on the 
use of fluorene as a probe for organized media, like micelleshas been 
pursued. Since fluorene is used as a phosphorescent probe for poly- 
mers, the phosphorescence spectral studies on fluorene derivatives 
would yield fruitful results. 
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